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Introduction
 
introduCtion
Epidural anesthesia, also referred to as epidural analgesia or epidural block is widely used 
in a variety of clinical settings. It may be used for perioperative pain relief during inpatient 
and outpatient surgery, during diagnostic procedures, in postoperative and chronic pain 
relief and to control pain during childbirth. 
Numerous studies have demonstrated the benefits of epidural anesthesia. The adverse 
physiological events resulting from the combination of tissue injury and pain after surgery 
may be attenuated by epidural anesthesia. The reduced or eliminated perioperative 
physiologic stress responses to surgery decreases surgical complications and improves 
outcomes1,2. Thoracic epidural analgesia has been shown to decrease the incidence of 
myocardial infarction, postoperative pulmonary complications and to promote the return 
of gastrointestinal motility without compromising fresh suture lines in the GI tract3,4,5,6,7,8.
History
Epidural anesthesia is practiced since 1901 when Jean-Anthanse Sicard, a radiologist, and 
Ferdinand Cathelin described the caudal approach to the epidural space. They found that 
injecting a dilute solution of cocaine through the sacral hiatus was an effective treatment for 
severe sciatic pain and suggested this technique for surgical procedures9,10. 
Tuffier attempted epidural analgesia by the lumbar route later in the same year, but his 
lack of success and the natural difficulties of locating a space two to four millimeters at a 
depth of 4 to 6 cm discouraged all further attempts for many years11. 
Locating the narrow “virtual” epidural space is difficult and the caudal route, not the 
lumbar, became the only safe approach until 1921 when Fidel Pages described his method12. 
The identification of the epidural space at the midline was depended on the feeling of 
passing the ligamentum flavum (the yellow ligament) with the needle. 
Then in 1931, an Italian surgeon, Archile Dogliotti, performed abdominal surgery using 
single-shot lumbar epidural anesthesia, popularizing the method of producing “segmen-
tal peridural anesthesia.” He noted that a sufficient length of spinal nerves needed to be 
blocked with an anesthetic solution of sufficient quantity to provide adequate anesthesia. 
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He correctly identified the epidural space by describing the sudden loss of resistance noted 
after the needle had crossed the ligamentum flavum13. 
The Cuban anesthesiologist, Manual Martinez Curbelo is credited with making the 
technique more practical. On a visit to the Mayo Clinic in 1947 he watched Edward Tuohy 
performing continuous spinal blocks. Tuohy had replaced sharp spinal needles with a 
curved tip design developed by Ralph Huber. Tuohy modified the needle by adding a 
stylet to decrease the risk of skin plugging during insertion. Curbelo then used the Tuohy 
needle with a silk ureteral catheter to provide continuous segmental lumbar “peridural” 
anesthesia14.
anatomy
The vertebral column is made up of 24 vertebrae comprising 7 cervical, 12 thoracic and 
5 lumbar. The 5 sacral vertebrae are fused. These vertebrae house the epidural and sub-
arachnoid spaces. The epidural space is bounded anteriorly by the posterior longitudinal 
ligament, vertebral bodies and discs. The pedicles and intervertebral foraminae form the 
lateral boundary with which there is communication with the paravertebral spaces. The 
ligamentum flavum, capsule of facet joints and the laminae form the posterior boundary 
of the epidural space.
The posterior compartment of the epidural space is the compartment into which the 
needle is inserted. It is enclosed by a steeply arched pair of ligament flava which may fuse 
incompletely and leave a gap in the midline. The triangular space between the ligament 
and the dura is filled by a fat pad which is not adherent to adjacent structures. This arrange-
ment allows fluid or catheters to pass between the surfaces of the fat, canal wall and dura15.
Fat, lymphatics, arteries, loose connective tissue, the spinal nerve roots and a venous plexus 
are situated in the epidural space. The contents are contained in a circumferentially discon-
tinuous compartment separated by zones where the dura contacts the wall of the vertebral 
canal. In the adult, the epidural space at the posterior side measures about 4 mm at C7-T1, 
7,5 mm in the upper thoracic region, 4,1 mm in the T11-12 region and 4-7 mm in the lumbar 
region. 
The skin-epidural space distance is studied by different means; e.g. measuring the distance 
the needle must travel from skin to the detection of loss of resistance; by ultrasound ex-
amination and MRI. The epidural space is closest to the skin at the posterior apex of the 
triangular area under the ligamentum flavum. The distance that a needle travels through 
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the ligamentum flavum before penetrating the dura is about 7 mm, but varying between 
2mm to 2,5 cm16.
tHe ePidur al Pressure
In the thoracic epidural space the epidural pressure is positive17. Bulging of the dura by 
the Tuohy needle, retraction of the ligamentum flavum and the balance of forces defined 
in Starling’s equation between the epidural fat and the ligamentum flavum may account 
for measuring a negative epidural pressure when the epidural space is encountered18,19,20. 
However when a closed pressure measurement system is used, which prevents equilibra-
tion of the epidural pressure with ambient pressure and the Tuohy needle is held immobile, 
then a true epidural pressure is measured.
identifiCation of tHe ePidur al sPaCe
Identifying the epidural space demands skills of the operator. Various methods have been 
used to locate the epidural space. The most common method used for epidural space 
identification relies on sudden loss of resistance to the injection of liquid, with or without 
and air bubble or air when the tip of the Tuohy needle passes the ligamentum flavum an 
enters the epidural space. 
Most anesthesiologists prefer using a saline loss of resistance technique21. Reasons for this 
preference include improved loss of resistance end point, fewer dural punctures and fewer 
“patchy” blocks with the saline loss of resistance technique. In a survey 70-74% of anesthe-
siologists preferred loss of resistance with saline to that with air22,23. However no difference 
in complications in epidural space identification using air versus liquid as the medium for 
loss of resistance could be demonstrated24. 
An alternative to the loss of resistance technique is the “hanging drop” technique. This 
technique relies upon the aspiration of a small volume of fluid from the hub of a needle 
as pressure between atmosphere and epidural space equalizes on access. Advocates of 
this method cite fine control of the epidural needle tip, without a syringe attached during 
advancement, as a major advantage25. 
The loss of resistance technique is performed while only gaining tactile feedback during 
needle advancement. Some anesthesiologists maintain a continuous force on the plunger 
while advancing the needle. Others use an intermittent technique, and an oscillating force 
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is applied on the plunger23. Instrumentation of the loss of resistance technique has been 
performed and has helped to understand the variations in feeling while performing an 
epidural puncture26. No difference in reliability of detecting the epidural space could be 
detected when a continuous technique compared to a intermittent pressure technique was 
used. The possibility to infuse saline in the interspinous ligament compared to the ligamen-
tum flavum is significant higher but the force which has to be applied in order to pass the 
interspinous ligament is smaller than passing through the ligamentum flavum. Remarkably 
when the needle is in the ligamentum flavum a similar level of force and pressure produces 
a greater flow in the paramedian approach than in the midline approach. This explains the 
claim that anesthesiologists often make about the abruptness of the loss of resistance in the 
paramedian versus midline approaches27. 
Identifying the epidural space demands skills of the operator and many aiding devices 
have been proposed to locate the narrow epidural space while avoiding dural puncture. 
Infusion of saline, spring loaded indicator stylet, Macintosh balloon, autodetect™ syringe, 
episensor©, all have been described to facilitate epidural space localization.
develoPment of aPad.
In 1999 I was employed as staff anesthesiologist in Bosch Medical Centre, now called Jeroen 
Bosch hospital in ‘s-Hertogenbosch. In this hospital epidural anesthesia is extensively used 
for perioperative pain relief. For surgical procedures in the thoracic region the epidural 
space was localized using the hanging drop technique. Acquainted with the loss of resis-
tance technique, the introduction of the needle with both hands and the fine control of the 
epidural needle tip as well as the visual feedback when using the hanging drop technique 
was a surprising discovery for me. Since then my preferred method of thoracic epidural 
space localization became the hanging drop technique. However for lumbar epidural cath-
eterization due to the absence of a true negative pressure the hanging drop technique is 
not the method of first choice for epidural space localization and loss of resistance with the 
fine two handed control over the epidural needle was not possible. 
This lack of fine needle control inspired me to find a solution to overcome this problem 
and in 1999 the idea of an epidural puncture assist device (EPAD) developed; 
A fluid filled syringe in an infusion pump connected to a Tuohy needle by a flushed 
extension line. In this way you will have both hands available to direct the needle. The 
continuous infusion of saline will result in a controlled fluid drip at the tip of the needle. We 
hypothesized that if the Tuohy needle is inserted in the body, the constant flow will meet 
resistance and subsequently pressure changes in the extension line will occur. By means 
of a pressure transducer pressures can be measured in the extension line and displayed 
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on a screen. As a result when an epidural puncture is performed, the subsequent pressure 
changes indicate the needle position. The sudden drop in pressure indicates the epidural 
space has been reached. 
After discussing this idea with colleague anesthesiologists it became clear that this setup 
necessitates viewing pressure changes on a screen and that this would distract attention 
from patient and needle directions. It was suggested to add a voltage controlled oscilla-
tor in the system. This would convert the pressure signal into sound. An acoustic signal is 
generated and the tone pitch of it will change by passing the different tissues. The higher 
the pressure the higher the tone pitch. As a result the tone pitch will rise the moment the 
needle point is within the ligamentum flavum and will suddenly drop the moment the 
needle is in the epidural space. 
Moreover a data storage device was added, so that the epidural puncture and catheter-
ization procedure could be documented and stored or added to the medical record of the 
patient. 
Within one week, the clinical physicist of the hospital was able to provide us with an ex-
perimental set-up of this idea. The acoustic puncture assist device was born. (Illustration. 1) 
This experimental set-up was tested in different media with different resistances, as fruit, 
vegetables and meat and appeared to function properly. 
Although different devices were developed to facilitate epidural space localization our 
idea seemed to be unique and with the help of Patency office, EP and C, Rijswijk, The Neth-
erlands, we applied for a patent on the APAD. In 2001 the APAD was officially patented by 
the European Patent Office. (Chapter two) 
Chapter	1.	
Fig.1.
Chapter	2	Patent
Fig. 1
Patent Fig 2. 
Illustration 1.
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Although the device was patented in 2001, international operating medical equipment 
manufacturers were not interested in producing a commercial APAD-device. In 2007, the 
winning of the Herman Wijffels Innovation Prize, which is supported by the Rabobank, 
supported us to accomplish and commercialize our innovation. 
In 2009, in cooperation with Unitron Group, (IJzendijke, The Netherlands) the ISO 13485 
standard for the production of medical equipment was met and followed by CE certifica-
tion for the APAD. Soon hereafter the (inter)national sales of the APAD began, executed by 
Equip Medikey. (Gouda, The Netherlands).
studies
The APAD was validated in several studies. In the first study we evaluated our idea that 
the lumbar epidural space could be localized solely by means of pressure monitoring 
translated into a corresponding acoustic signal. One anesthetist held the epidural needle 
with both hands and detected the epidural space by means of this acoustic signal. At the 
same time, a second anesthetist applied the loss of resistance technique and functioned as 
control. In all patients the epidural space was correctly located with the acoustic signal. It 
was concluded that it is possible to locate the epidural space using an acoustic signal alone. 
(Chapter three) 
After having proven that our experimental set-up did work, we performed a study in which 
we evaluated the efficacy of localizing the lumbar epidural space by means of a prototype 
of the APAD alone. In all patients the epidural space was successfully located by using the 
acoustic signal and confirmed by pressure measurements, which proved to be a reliable 
indicator for correct identification of the epidural space. The method proved to be reliable, 
safe and simple. (Chapter four) 
In another 100 consecutive patients, the thoracic epidural space was localized using the 
APAD. Moreover in 10 patients the device was used as a practical tool to confirm correct 
catheter placement. Clinical documentation of the thoracic epidural puncture as well as 
identification of correct catheter placement was shown. (Chapter five)
Insertion of epidural catheters in pregnant women may be challenging. The lower re-
sistance encountered in the ligamentum flavum of pregnant women suggests as weaker 
ligament than in non-pregnant women. So it is suggested that pressure characteristics of the 
epidural puncture procedure during labor seem to differ from those in the non-pregnant 
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population. Using the APAD for locating the epidural space we compared the maximum 
pressure just before loss of resistance, the pressure in the epidural space and the pressure 
in the inserted epidural catheter. The results supported the hypothesis that physiological 
changes during pregnancy are the reason why epidural catheters are more difficult to insert 
in women in labor. (Chapter six) 
Thoracic paravertebral block (TPVB) is an effective perioperative analgesia technique for 
unilateral surgical procedures. The classic approach in performing TPVB is inserting a needle 
2,5 cm to 4 cm lateral to the spinous process of the thoracic vertebra and penetrating the 
superior costo-transverse ligament using a loss of resistance technique. However, when 
using this technique, the costo-transverse ligament may be missed due to the somewhat 
indistinct loss of resistance to air or saline, which may result in failure or pleural puncture. 
The feasibility and success rate of the APAD for localizing the paravertebral space and to 
observe the pressure curves obtained during needle insertion for paravertebral block was 
studied. The APAD was a useful tool for detecting the paravertebral space and obtaining 
successful paravertebral blocks. (Chapter seven) 
Pressure curves obtained during epidural needle insertion using the APAD show striking 
similarities and are easy to interpret. Clinical problems during epidural needle insertion 
can be documented. Examples and explanations are described in chapter eight. 
Also in veterinary medicine perioperative epidural pain relief is used. In two studies the 
feasibility of using the APAD for localizing the extradural space in standing horses was ex-
amined. The APAD may be of assistance in identifying the epidural space in cattle. (Chapter 
nine and ten) The APAD may be used for other indications in which a pressure drop or loss 
of resistance has to be recognized e.g. TAP-block, fascia iliaca compartment block, pleural 
drainage. The use of the APAD in performing a tracheotomy has been described. (Chapter 
eleven)
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Chapter 2
Device for locating a cavity in a body
PatentdesCriPtion
[0001] The present invention relates to a device for locating an anatomical cavity in a body.
[0002] Locating an anatomical cavity in a body, for example the body of a patient, is im-
portant, inter alia, for anaesthetics, in which it is often necessary for substances which have 
an anaesthetic action to be introduced into the anatomical cavity, such as for example the 
epidural cavity which is located in the vicinity of the spinal cord. To locate the anatomical 
cavity, it is generally known to use a hollow needle and a reservoir filled with an isotonic 
liquid or with a gas mixture, often an injection syringe with a displaceable plunger. In this 
case, the hollow needle is introduced into a patient’s body, in the vicinity of the location 
where the cavity which is to be located is situated. The injection syringe is positioned at 
the free end of the needle, and the liquid or gas mixture can be injected from the injec-
tion syringe through the needle and can reach the body of the patient. The person who 
is handling the injection syringe with the needle, for example a physician, uses one hand 
to introduce the needle further into the body and uses the thumb of the other hand to 
exert pressure on the plunger of the injection syringe. The liquid will seek to flow out of 
the injection syringe via the open end of the needle, but in the process will be subject to a 
resistance from the tissue in which the point of the needle is situated. As a result, a certain 
force will have to be exerted on the plunger, and a pressure will be produced in the liquid. 
When the point of the needle reaches the anatomical cavity, the liquid flowing out of the 
needle is no longer subject to any resistance from surrounding tissue, and the pressure in 
the liquid drops. The person who is handling the assembly can feel this in the hand which 
he is using to operate the injection syringe. When the epidural cavity has been reached, a 
catheter is often introduced via the needle into the epidural cavity, so that, for example, an 
anaesthetic substance can be administered.
[0003] When the epidural cavity is being located, it is highly important that the point of 
the needle should not pass beyond this cavity, since there is then a risk of the spinal cavity 
or spinal cord behind it being affected, which may have particularly adverse results for the 
patient. Therefore, all kinds of methods and devices have been developed which make it 
easier to locate an anatomical cavity and reduce the risk of the point of the needle being 
introduced too far.
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[0004] An example of a method and device of this type is known, inter alia from EP 0 538 
259.
[0005] The known device comprises a hollow needle, a fluid-filled reservoir which is in 
communication with the needle,
pump means for pressurizing the fluid, measuring means for creating a pressure-mea-
surement signal which is related to the pressure prevailing in the fluid, signal-conversion 
means for converting the pressure-measurement signal created by the measuring means 
into a form which is suitable for further processing, and reproduction means for emitting 
an acoustic signal which is related to the pressure-measurement signal which has been 
converted by the signal-conversion means.
[0006] The needle of the known device is intended to be introduced into a body and 
is connected to the reservoir in the form of an injection syringe. The injection syringe 
contains a fluid in the form of an isotonic liquid. The needle and the injection syringe are 
in communication with one another via a T-shaped connector. The pressure-measuring 
means, which are used to detect and measure the pressure prevailing in the liquid in 
the injection syringe, are also connected to this T-shaped connector. The known device 
also comprises a processor for processing a pressure-measurement signal created by 
the pressure-measuring means, in order that the rate of pressure variation can always be 
determined, which pressure variation is primarily the consequence of the movement of 
the needle in the body. The pressure data provided by the processor and the pressure-
measuring means are continuously compared with margins stored in the processor. When 
the known device is being used, the starting point is a situation in which the point of the 
needle is already situated in the vicinity of the cavity which is to be located. The needle, 
the injection syringe and the pressure-measuring means are connected to one another by 
changing the position of a switch. In the injection syringe there is a plunger which functions 
as a pump means for displacing the liquid through the needle and thus produces pressure 
in the liquid. The pressure which is shown on the screen when there is no pressure being 
exerted on the plunger of the injection syringe is calibrated to zero. Then, the person who 
is handling the injection syringe and the needle brings the pressure in the liquid in the 
injection syringe to a defined level by exerting pressure on the plunger. During this process, 
he can read the level of the pressure from the screen at any time. When the liquid in the 
injection syringe has been brought to the required pressure, the person who is handling the 
device can move the needle towards the cavity in the body while using the pressure data 
displayed on the screen to carefully maintain a pressure on the plunger. In the process, the 
pressure in the liquid will vary. When the level of the pressure variation exceeds a minimum 
level stored in the processor and/or the pressure variation rate over a defined time period 
is within minimum margins stored in the processor, the warning means are activated and 
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emit a first, acoustic warning signal via acoustic reproduction means. If the pressure can be 
restored by slightly displacing the plunger, without further displacement of the needle, the 
first acoustic warning signal will stop. On the other hand, if a more abrupt pressure variation 
occurs and the pressure cannot be restored by displacing the plunger, the warning means 
emit a second, acoustic warning signal, which clearly differs from the first warning signal. 
From the second warning signal, the person who is handling the device can infer that the 
point of the needle has reached the anatomical cavity and that he must stop moving the 
needle.
[0007] A drawback of the device and method which are known from EP 0 538 259 is that 
the acoustic warning signals are emitted on the basis of an interpretation of the pressure 
data by the processor. Although the person who is handling the device can see the instanta-
neous pressure on the screen and can also feel this information through the plunger, he will 
quickly become inclined to depend only upon his hearing and trust the acoustic warning 
signals. However, in practice this has not proven satisfactory, and consequently the person 
who is handling the device will also look at the screen, so that he loses sight of the needle.
[0008] It is an object of the present invention to provide an improved device for locating 
an anatomical cavity in which the above drawback is eliminated or at least reduced.
[0009] According to the present invention, the above object is achieved by providing a 
device for locating an anatomical cavity comprising a hollow needle and a reservoir which 
is in communication therewith and is filled with a fluid. The reservoir is also connected to 
pump means for pressurizing the fluid. Furthermore, measuring means are provided for 
creating a pressure-measurement signal which is related to the pressure prevailing in the 
fluid, and signal-conversion means are provided for converting the pressure-measurement 
signal which has been created by the measurement means into a form which is suitable for 
further processing. Acoustic reproduction means are also provided, which are designed to 
emit an acoustic signal which is representative of the pressure prevailing in the fluid.
[0010] In the device according to the invention, the pressure is made continuously avail-
able to the person who is handling the device and to any onlookers who may be present 
during the introduction of the needle into the body by means of the acoustic signal, which 
is representative of the prevailing pressure and therefore of the pressure signal. The person 
who is handling the device can therefore use his hearing to obtain instantaneous pressure 
data continuously, which data is directly representative of the pressure in the needle which 
is coupled to the reservoir. Consequently, the person who is handling the device can 
continuously direct his eyes at the needle and does not have to work on the basis of visual 
information and/or tactile information. A particular advantage is that the interpretation of 
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the measured pressure is the responsibility of the person who is handling the device, rather 
than of a processor, and therefore it is possible to draw an interpretation with regard to 
intra-individual pressure variations for each case.
[0011] It is noted that EP-A2-0.303.824 disclosed a device for locating an epidural space. 
This device comprises a needle that is inserted into a canula. Through the canula, the 
needle is inserted into the epidural space. A pressure drop, which occurs in the epidural 
space, is detected by a pressure sensor, which causes a circuit to sound an alarm and retract 
the needle.
[0012] A further drawback of the device and method which are known from EP 0 538 259 
relates to the risk of the point of the needle being introduced too far. Although the known 
device reduces this risk, since the feeling of the person who is handling the device is as-
sisted by the warning signals, the risk of the needle shooting through (too far) when the 
anatomical cavity is reached as a result of one hand being used to exert pressure on the 
needle and the other hand being used to exert pressure on the plunger of the injection 
syringe is still present. Since moving the needle requires a relatively large amount of force, 
this risk is by no means negligible.
[0013] This drawback is at least partially overcome by an important preferred embodiment 
of the device according to the present invention, which is provided with automatic pump 
means and in particular is provided with automatic pump means which are designed to 
continuously deliver the fluid.
[0014] When using the device according to the invention, the person who is handling the 
device continuously receives the instantaneous pressure data on the basis of his hearing, 
and therefore there is no need to feel the pressure in the fluid. The use of automatic pump 
means has the major advantage that the person who is handling the device can use both 
hands to move the point of the needle towards the anatomical cavity. When both hands 
are being used, the person who is handling the device is able to introduce the needle in a 
more controlled way than if only one hand is used for this purpose. Moreover, he does not 
now have to exert any force in order to generate the pressure, but rather only has to exert 
force on the needle.
[0015] In a further preferred embodiment of the device according to the invention, the 
pump means comprise a displaceable plunger, and the pump means are provided with a 
drive unit which is designed to displace the plunger in the reservoir, preferably at a constant 
rate.
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[0016] The fact that the drive unit displaces the plunger, preferably at a constant rate, means 
that the force which is exerted on the plunger by the automatic pump means will always 
have to vary, since the point of the needle is constantly moving through different types of 
tissue as it is being introduced. In the case of a relatively firm tissue, the fluid which emerges 
from the needle will be subject to more resistance from the tissue than in the case of a soft 
tissue. When the point of the needle reaches the anatomical cavity, the fluid will flow into 
the anatomical cavity virtually without resistance, and therefore scarcely any force has to be 
exerted on the plunger. This consequently results in a considerable drop in the pressure of 
the fluid.
[0017] The risk of the point of the needle being introduced too far is considerably reduced 
compared to the device which is known from EP 0 538 259.
[0018] The device according to the invention is eminently suitable for use for training 
purposes, in particular for training medical personnel. An instructor can easily monitor the 
actions of a student or trainee and provide suitable instructions, since he can always hear 
information about the pressure state at the point of the needle. If the preferred embodi-
ment with the drive means is being used, it has the additional advantage that the student 
or trainee only has to concentrate on the movement of the needle and can use both hands 
to do this.
[0019] The present invention also relates to a measuring and signalling device which is 
intended in particular to be used in the device for locating an anatomical cavity, and for 
measuring the pressure in a fluid at the location of the point of a hollow needle which is 
situated in a body for the benefit of an observer.
[0020] These and other aspects, characteristics and advantages of the present invention 
will be explained in more detail by means of the following description of two preferred 
embodiments of a locating device according to the invention with reference to the draw-
ing, in which identical reference numerals denote identical components, and in which:
Fig. 1 shows a side view of a first preferred embodiment of the device according to the 
invention, in which a section of the device is illustrated diagrammatically, and
Fig. 2 diagrammatically depicts a section of a second preferred embodiment of the 
device according to the invention.
[0021] Fig. 1 shows a first preferred embodiment of the device according to the invention, 
which is denoted overall by reference numeral 1.
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[0022] Fig. 1 shows one of the possible uses of the device 1, specifically its use for locating 
an anatomical cavity, in particular the epidural cavity, in a human body. A small section of a 
human body is illustrated in cross section in Fig. 1 and is denoted by reference numeral 10. 
The anatomical cavity or epidural cavity is denoted by reference numeral 15.
[0023] The device 1 comprises a hollow puncture needle 20 with a needle point 21. In the 
example shown in Fig. 1, the puncture needle 20 has been introduced part way into the 
body 10 and the needle point 21 is situated in the vicinity of the epidural cavity 15. The 
puncture needle 20 is provided with a handle 22, which can be held by the person who is 
handling the puncture needle 20, for example a physician. This handle 22 enables the user 
to exert a pushing or pulling force on the puncture needle 20, in order for it to be moved 
in a desired direction.
[0024] A reservoir 30 in the form of an injection syringe is positioned in line with the 
puncture needle 20. The reservoir 30 comprises a fluid-filled space 31 and a displaceable 
plunger 32 which closes off the said reservoir 30 in a sealed manner on one side. The dis-
placeable plunger 32 in this case functions as a pump means for generating pressure in the 
fluid in the reservoir 30. As an alternative to using a plunger as the pump means, it is also 
possible, for example, to use bellows or other suitable pump means. The reservoir 30 is 
in communication with the puncture needle 20 via a connection part 33, it being possible 
for fluid to flow out of the said reservoir 30 into the said puncture needle 20. The fluid in 
the reservoir 30 may be a gas or a liquid, for example a sterile, isotonic liquid. In the text 
which follows, the invention is discussed on the basis of the example according to which an 
isotonic liquid is situated in the reservoir 30, but the invention can equally well be applied 
to an embodiment in which a gas is situated in the reservoir 30.
[0025] To measure the pressure in the liquid in the reservoir 30, the locating device 1 is 
provided with an electrical pressure gauge 40. An output 41 of the pressure gauge 40 is 
connected to an input 51 of a signal converter 50, which is able to convert a pressure-
measurement signal provided by the pressure gauge 40 into a form which can be used for 
further processing, for example an electric voltage. The signal converter 50 is designed to 
emit the converted pressure-measurement signal both at an acoustic output 52 and at a 
visual output 53. It should be noted that the pressure gauge 40 and the signal converter 50 
can form a single unit instead of two separate elements.
[0026] One input 61 of a synthesizer 60 is connected to the acoustic output 52. The 
synthesizer 60 is designed to process the converted pressure-measurement signal to form 
a sound signal which is representative of the pressure prevailing in the reservoir 30 and 
therefore of the said converted pressure-measurement signal. The synthesizer 60 is con-
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nected via an output 62 to a loudspeaker 70 for emitting the sound signal. If appropriate, an 
audio amplifier (not shown in more detail) is also provided, for the purpose of amplifying 
the sound signal.
[0027] On account of the relationship between the sound signal and the converted 
pressure-measurement signal, the sound signal is representative of the pressure which is 
prevailing in the liquid in the reservoir 30. One or more aspects of the sound signal may be 
directly and continuously related to the converted pressure-measurement signal, depend-
ing on the setting of synthesizer 60. For example, the pitch of the sound signal may be 
representative of the pressure, but it is also possible, for example, that the volume or the 
pulse frequency, if the sound signal has a pulsating character, may be representative of the 
pressure. Another possibility is for a suitable combination of the pitch, the volume and 
the pulse frequency to be used. One possible combination which may be suitable is, for 
example, the use of the pitch as a measure of the pressure and the volume as a measure of 
the rate at which the pressure is changing, in which case, by way of example, in the event 
of a rapid pressure change a stronger sound signal is emitted than in the event of a slow 
change. In this example, another possibility is to swap the pitch and volume.
[0028] An input 81 of an amplifier 80 is connected to the visual output 53 and is designed 
to emit an amplified, converted pressure-measurement signal at an output 82. The ampli-
fier 80 is connected via the output 82 to a screen 90 for displaying a visual signal which is 
representative of the pressure in the liquid in the reservoir 30 on the basis of the amplified, 
converted pressure-measurement signal.
[0029] The assembly comprising pressure gauge 40, signal converter 50, synthesizer 60, 
loudspeaker 70, amplifier 80 and screen 90 is referred to below as the measuring and 
reproduction unit 100, as shown by a dashed line in Fig. 1.
[0030] Before the device 1 can be used to locate the epidural cavity 15 in the body 10, the 
puncture needle 20 can first of all be introduced a small depth into the body 10 in the 
vicinity of where the epidural cavity is situated. Then, the reservoir 30 and the measuring 
and reproduction unit 100 coupled thereto can be connected to the puncture needle 20. It 
is also possible for all the components to be connected to one another first of all and then 
for the liquid to be pressurized, and for the puncture needle 21 to be introduced into the 
body 10 as soon as the liquid emerges from the needle 20. The latter method is preferred, 
since in this case the measurement of the pressure can commence immediately.
[0031] If the person who is handling the device 1 exerts force on the plunger 32, pressure 
will be built up in the liquid which is situated in the reservoir 30. As a result of this pressure, 
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the liquid will tend to flow out of the unit comprising reservoir 30 and puncture needle 20 
via the needle point 21. In the process, the liquid which emerges at the needle point 21 is 
subject to a resistance to absorption of the liquid by the tissue in which the needle point 
21 is situated. This resistance is expressed as a pressure which has to be overcome by the 
person who is handling the device 1 by exerting a force on the plunger 32. If the person who 
is handling the device 1 always ensures a (slight) displacement of the plunger 32 while he 
is moving the puncture needle 20 towards the epidural cavity 15, the force exerted on the 
plunger 32, and therefore the pressure prevailing in the liquid, is always a measure of the 
pressure at the needle point 21.
[0032] The synthesizer 60 is set in such a manner that the sound signal which is emitted is 
representative of the measured pressure, with the result that the sound signal is always an 
acoustic reproduction of the instantaneous pressure in the liquid.
[0033] Any changes in the resistance which the liquid experiences as it leaves the needle 
point 21 have a direct influence on the pressure in the reservoir 30. The changes in the 
pressure in the reservoir 30 in turn directly lead to changes in the sound signal. The person 
who is handling the puncture needle 20 can therefore use any changes in the sound signal 
which he detects over the course of time to determine what changes are occurring in the 
pressure. If the possibility of a visual reproduction is being used, the same applies to the 
visual signal.
[0034] When the epidural cavity 15 has been reached by the needle point 21, the liquid 
which emerges will be subject to considerably less resistance. As a result, less force has 
to be exerted on the plunger 32 in order to displace the liquid out of the reservoir 30. As 
a result, the pressure in the reservoir 30 will drop. With this knowledge, it can be inferred 
from a sudden and significant change in the sound signal that the needle point 21 has 
reached the epidural cavity 15 and that movement of the puncture needle 20 into the body 
10 can be stopped. If the possibility of a visual reproduction is being used, the person who 
is handling the device 1 can look at the screen 90 and see confirmation that the epidural 
cavity 15 has been reached.
[0035] When using the device 1, calibration of the pressure-measurement signal is not criti-
cal, since the user is working on the basis of changes which he detects in the sound signal; 
the absolute value of, for example, the volume or pitch of the sound signal is of subordinate 
importance.
[0036] The continuous pressure-measurement signal is likewise fed by the signal converter 
50, as a voltage signal, via the visual output 53 to the input 81 of the amplifier 80. Via the 
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output 82, the pressure-measurement signal is supplied in amplified form to the screen 90, 
which emits a visual signal on the basis of the pressure-measurement signal which is sup-
plied. In this case too, there is a relationship between the pressure-measurement signal and 
the visual signal, the visual signal being representative of the pressure at the needle point 21.
[0037] The screen 90 may, for example, be designed to reproduce the visual signal in the 
form of numerical values or plotted in the form of a curve of the measured pressure against 
time. The visual reproduction in the form of a curve of the pressure plotted against time is 
particularly preferred, since it has been found that reaching the epidural cavity 15 results 
in a highly characteristic and therefore highly recognizable curve. The screen 90 may be 
provided with means which allow the numerical values to be calibrated, but this is not 
imperative, since the user can, in the case of the visual signal as well, work on the basis of 
changes in said signal to determine whether or not the needle point 21 has reached the 
epidural cavity 15.
[0038] During the introduction of the needle 20 into the body, the continuous sound signal 
is of greater importance than the continuous visual signal. This is because the user cannot 
continuously look at the screen 90 in order to observe the visual signal, since he must also 
at least look at the puncture needle 20 during the movement thereof. To handle the device 
1, the user can in principle rely entirely on the sound signal and use his eyes to look at the 
movement of the puncture needle 20.
[0039] The sound signal can provide the user with sufficient information with regard to 
the pressure at the needle point 21. Therefore, in the device 1 according to the invention, 
the visual output 53 on the signal converter 50, the amplifier 80 and the screen 90 can be 
omitted if desired, and therefore the device 1 according to the invention provided with 
the visual output 53 at the signal converter 50, the amplifier 80 and the screen 90 forms a 
particular variant of the first preferred embodiment. However, as has been mentioned, the 
visual signal does offer a monitoring option.
[0040] Fig. 2 diagrammatically depicts a section of a second preferred embodiment of a 
device 2 according to the invention. The second embodiment of the device 2 comprises 
the same components as the first preferred embodiment shown in Fig. 1.
[0041] The hollow puncture needle 20 (cf. Figure. 1) which forms part of the device 2 is not 
shown in Figure 2. The reservoir 30 is connected to the puncture needle by means of a hose 
34 and the connection part 33.
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[0042] The device 2 is provided with automatic pump means which are designed to dis-
place the fluid, and in particular the plunger 32 and the liquid situated beneath it (or if 
desired a gas mixture) in the reservoir 31 as a result of a force being exerted on the plunger 
32. For this purpose, the device 2 comprises a connecting rod 35, one end of which is con-
nected to a drive unit 110 and the other end of which is provided with a pressure disc 36. 
The drive unit 110 is used to exert a force on the connecting rod 35 in order to effect a 
movement in the axial direction of the connecting rod 35. The pressure disc 36 is intended 
to bear against at least part of the surface of the plunger 32. By way of example, the drive 
unit 110 may be an electric motor which is connected to a (storage) battery 120. An example 
of a suitable drive unit for the preferably automatic displacement of the plunger 32 is an 
injection pump which is known in the specialist field. A pump of this type is particularly 
suitable for delivering small quantities of liquid with a high degree of accuracy. Other pos-
sibilities are conceivable for supplying energy to the drive unit 110. For example, the device 
2 could be provided with means for connecting the drive unit 110 to the mains. It is also 
possible to arrange a pump between the reservoir 30 and the needle 20.  In this case, the 
pump means do not generate any pressure in the reservoir, but rather suck the liquid out of 
the reservoir and pump it through the needle under pressure. Therefore, the measurement 
of the pressure in the reservoir as described above can no longer take place, but rather will 
have to take place either in the needle or immediately after the pump. Another possibility 
for determining the pressure generated is that of measuring the power consumed by the 
pump means and using this information to calculate the pressure difference which has 
been generated by the pump means. This possibility is not shown in more detail.
[0043] A significant advantage of the automatic displacement of the plunger 32 is that the 
person who is using the device 2 can use both hands to move the puncture needle. As 
has already been stated in the description of the first preferred embodiment of the device 
(Figure 1), the pressure in the reservoir 30 is continuously rendered audible by means of an 
acoustic signal. Consequently, it is not necessary for the person who is handling the device 
to exert pressure on the plunger 32 himself. However, this is required, for example, when 
the device which is known from EP 0 538 259 is being used.
[0044] The reservoir 30, the connecting rod 35, the drive unit 110 and the (storage) battery 
120 are all arranged in the interior of a housing 130, as is the measuring and reproduction 
unit 100, which is diagrammatically indicated by a dashed line in Figure 2. An arrangement 
of this type is preferred, since it results in a compact assembly which can easily be con-
nected to the puncture needle.
[0045] The reservoir 30 is accommodated in a space which is created for this purpose in 
the housing 130, which at the location of the said space is preferably designed in such a 
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manner that a reservoir 30 can easily be placed into the housing 130 before use and can 
easily be removed again from the housing 130 after use.
[0046] Clamping means (not shown) may be provided on the exterior of the housing 130, 
in order to allow the said housing 130 to be clamped to any desired object, such as for 
example a table or a bed.
[0047] In this example, the pressure gauge 40 comprises a force pick-up which is designed 
to pick up the force exerted on the connecting rod 35 by the drive unit 110. In this case, the 
signal converter 50 is designed as a force-voltage converter. The drive unit 110 comprises 
a control unit 111 which is connected to the force pick-up of the pressure gauge 40. The 
control device 111 is responsible for displacement of the plunger 32 at a continuous rate 
and therefore for producing a constant mass flow of the liquid through the needle. As a 
result of the displacement of the plunger 32, pressure will be built up in the liquid which is 
situated in the reservoir 30. As a result of this pressure, the liquid will tend to flow out of the 
assembly comprising reservoir 30 and puncture needle via the needle point. In the process, 
the liquid which emerges at the needle point is subject to a resistance to absorption of the 
liquid by the tissue in which the needle point is situated. This resistance manifests itself as a 
pressure which has to be overcome by the drive unit 110 as a result of a force being exerted 
on the plunger 32. The continuous but slow rate at which the plunger 32 is being displaced 
while the puncture needle is being moved in the direction of the epidural cavity means that 
the force exerted on the plunger 32, and therefore the pressure prevailing in the liquid, will 
always be a measure of the pressure at the needle point.
[0048] Although it is preferred for the plunger 32 to be moved at a constant rate, it is also 
possible for the plunger 32 to be moved in steps. In this case, however, it is preferable for 
the movement steps to follow one another at sufficiently short intervals for the risk of the 
needle being introduced too far to be avoided.
[0049] The force with which the drive unit 110 presses on the plunger 32 is controlled by 
the control device 111. For safety reasons, the control device 111 may be provided with a 
pressure limiter, which limits the maximum pressure prevailing in the liquid and therefore 
the maximum force which can be exerted on the plunger 32. This prevents the possibility 
of force being exerted on the plunger 32 in an uncontrolled manner and ultimately of the 
body being damaged if liquid is forced into the body with considerable force.
[0050] For suitable driving, a section of the connecting rod 35 may be provided with helical 
toothing, in which case the drive unit 110 is provided with a driven toothed wheel which 
Chapter 2
28
meshes with the said section. The force pick-up of the pressure gauge 40 may in this case 
be designed to measure the force exerted on the connecting rod 35 by the wheel.
[0051] The process of locating the epidural cavity begins with pressurizing an isotonic 
liquid, for example, in the reservoir 30 by means of a displacement of the plunger 32 in the 
direction of the hose 34. For this purpose, the drive unit 110 exerts a force, which is directed 
to the left in Figure 2, on the connecting rod 35. As a result of this force, the connecting rod 
35 will move in the axial direction and the plunger 32 will likewise move in the direction of 
the hose 34, via the pressure disc 36. In the process, the liquid tends to move towards the 
body and in the process is subject, as has already been discussed, to a resistance from the 
tissue of the body, which is experienced as a counterpressure which is exerted by the body 
and is translated into a pressure in the liquid.
[0052] The force which is exerted on the connecting rod 35 by the drive unit 110 in order to 
inject the liquid into the tissue of the body is directly related to the pressure at the needle 
point and must overcome at least the said resistance. If the needle point is moving through 
substantially homogeneous tissue, the pressure at the needle point scarcely changes and 
the force which is to be exerted is virtually constant. The amplifier 70 will in this case emit a 
sound signal which likewise scarcely changes.
[0053] The drive unit 110 is designed to move the connecting rod 35 at a constant, preferably 
low rate after the liquid in the reservoir 30 has been brought to the said starting pressure. As 
the tissue will not always present the same resistance to absorption of the liquid, the force 
with which the drive unit 110 presses on the plunger 32 will change when the needle point is 
then being moved through the tissue of the body, since a constant movement/movement 
rate of the plunger 32 is desired. As a result, the pressure in the liquid will likewise change 
during the movement of the needle point. The measuring and reproduction unit 100, as has 
been described with reference to Figure 1, measures the pressure and supplies an acoustic 
and/or visual signal.
[0054] When the needle point reaches the epidural cavity, the liquid flows into the epidu-
ral cavity and the resistance to absorption of the liquid will drop suddenly and significantly. 
As a result, the pressure prevailing in the liquid will likewise drop suddenly and significantly. 
At that time, the drive unit 110 has to exert in relative terms a much lower force in order to 
move the connecting rod 35 than was the case before the epidural cavity was reached. The 
sudden and significant change in the force is observed by the person who is handling the 
device 2 as a sudden and significant change in the sound signal and also, if appropriate, in 
the visual signal. The person who is handling the device 2 can infer from a change of this 
type that the needle point has reached the epidural cavity and that he must stop moving the 
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puncture needle. He can then disconnect the connection between the puncture needle 
and the remaining components of the device at the connection part 33, in order for an 
injection syringe containing the substances which are to be introduced into the epidural 
cavity to be placed on to the puncture needle or in order to introduce what is known as an 
epidural catheter.
[0055] In an embodiment which is not shown in more detail, the device according to 
the invention comprises recording means for recording the profile of the pressure-mea-
surement signal over the course of time. In particular, consideration may be given to an 
electronic memory in which the measured pressure data are stored and can subsequently 
be retrieved, or, for example, a magnetizable storage means. However, it is also possible for 
the profile of the pressure-measurement signal to be printed directly onto paper.
[0056] A major advantage of recording means of this type is that it is possible to retrospec-
tively assess whether, and if necessary to demonstrate that, the person who is handling the 
device did in fact reach the intended anatomical cavity. This advantage is all the greater if 
the recorded pressure data are stored during the movement of the needle in the body in 
such a way that, with this data, it is easy to produce a curve in which the measured pressure 
is plotted against time. As has already been noted above, a visual reproduction in the form 
of a curve of the pressure plotted against time is highly advantageous, since reaching the 
anatomical cavity produces a very characteristic and therefore very recognisable curve. It 
should be noted that recording means for storing pressure-measurement data may also be 
used separately of the inventive idea. The recording means do not necessarily have to be 
used in combination with reproduction means for generating an acoustic or visual signal. 
The storage is important for subsequent reference to the pressure-measurement data.
[0057] The scope of the present invention is not restricted to the examples which have 
been discussed above, but rather various changes and modifications to these examples 
are possible without departing from the scope of the invention as defined in the appended 
claims.
[0058] For example, it is also possible for the inventive idea to be applied to a step which 
often follows the step of locating an epidural cavity, namely the positioning of an epidural 
catheter in the epidural cavity.
[0059] The locating of the epidural cavity is often a preparatory step to administering an 
anaesthetizing substance via the said catheter. In this case, it is important for the end of the 
catheter to be located at the correct location, i.e. in the epidural cavity.
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[0060] The catheter can be introduced by disconnecting the reservoir from the puncture 
needle after the needle point has reached the epidural cavity and then guiding the catheter 
via the puncture needle into the epidural cavity. Often, the person who is positioning the 
catheter will have a reasonable feeling of when the catheter has been correctly positioned, 
but more certainty with regard to correct positioning is desirable. The measuring and signal-
ling device according to the present invention can advantageously be used in this context.
[0061] When the catheter has been introduced via the puncture needle, its correct posi-
tioning can be checked by pressurizing the liquid which is to be introduced and measuring 
the pressure, and in particular the change(s) in this pressure, using the measuring and 
signalling device according to any desired preferred embodiment of the measuring and 
signalling device.
[0062] While the liquid in the catheter is being pressurized, which is the result of the liquid 
being fed to the catheter, the pressure of the liquid will initially increase. If the liquid is 
then pumped through the catheter and if the end of the catheter is in fact located in the 
epidural cavity, the liquid will be able to flow virtually unimpeded into the epidural cavity, 
the pressure in the liquid will therefore not change or will scarcely change, and there will 
be virtually no change in the acoustic signal and/or the visual signal which is generated 
by the measuring and signalling device. The person who is carrying out the operation will 
immediately know that the catheter has been positioned correctly and will be able to fix 
the catheter in place.
[0063] The above text has described an application of the device according to the inven-
tion for locating an epidural cavity in a human body. This does not detract from the fact that 
the device can also be used to locate a region which is situated in a body and in terms of its 
properties differs from the area which immediately surrounds it. In this context, consider-
ation may be given, for example, to locating an intumescence or a tumour in the body of a 
person. A tumour generally has different properties from the surrounding tissue in which it 
is situated, and in particular the tumour will present a different resistance to the penetration 
of a fluid compared to the surrounding tissue. If the device according to the invention is 
used in a similar way to that described above, a sudden change in the measured pressure at 
the needle point will indicate that the area which is being looked for has been reached. In 
this context, it is assumed that pressure variations which occur in the fluid during displace-
ment of the needle in a section of the body which precedes the area which is to be located 
are much smaller than the pressure variation which occurs in the fluid when the needle 
point reaches the said area. It is advantageous if it is known how the area which is to be 
located differs from the part which surrounds this area, so that it is possible to establish 
with a high degree of certainty that the area which is to be located has in fact been found.
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[0064] The device can also be used to locate any desired cavity in any desired body, once 
again assuming that pressure variations which occur in the fluid during displacement of the 
puncture needle in a section of the body which precedes the cavity are significantly smaller 
than the pressure variation which occurs in the fluid when the needle point reaches the 
cavity.
[0065] Furthermore, the above text has described the device according to the invention 
using an isotonic liquid. As has already been noted above, it is also possible to use a gas. 
However, a gas is a medium which can be compressed to a much greater extent than a 
liquid. To compensate for this while the device is being used and to ensure a constant 
mass flow of the gas during use of the device, the device may be provided with additional 
control means.
Claims
1. Device for locating a region (15) which is situated in a body (10), comprising:
 - a hollow needle (20);
 - a fluid-filled reservoir (30) which is in communication with the needle (20);
 - pump means for pressurizing the fluid;
 -  measuring means (40) for creating a pressure-measurement signal which is related 
to the pressure prevailing in the fluid;
 -  signal-conversion means (50) for converting the pressure-measurement signal 
created by the measuring means (40) into a form which is suitable for further 
processing, and
 -  reproduction means (60, 70) for emitting an acoustic signal which is related to the 
pressure-measurement signal which has been converted by the signal-conversion 
means (50), characterized in that
 -  the reproduction means are designed to emit the acoustic signal which is continu-
ously representative of the pressure prevailing in the fluid.
2. Device according to claim 1, characterized in that the pitch of the acoustic signal is 
representative of the pressure prevailing in the fluid.
3. Device according to claim 1 or 2, characterized in that the volume of the acoustic signal 
is representative of the pressure prevailing in the fluid.
4. Device according to one of the preceding claims, characterized in that the signal-
conversion means (50) are designed to emit the pressure-measurement signal in the 
form of an electric voltage.
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5. Device according to one of the preceding claims, characterized in that the reproduc-
tion means (60, 70) comprise a synthesizer (60), an audio amplifier and a loudspeaker 
(70).
6. Device according to one of the preceding claims, characterized by visual reproduction 
means (80, 90) which are designed to emit a visual signal which is representative of the 
pressure prevailing in the fluid.
7. Device according to claim 6, characterized in that the visual reproduction means (80, 
90) comprise an amplifier (80) and a screen (90).
8. Device according to one of the preceding claims, characterized by recording means 
which are designed to record the profile of the pressure-measurement signal over the 
course of time.
9. Device according to one of the preceding claims, characterized in that the pump 
means comprise a displaceable plunger (32).
10. Device according to one of the preceding claims, characterized by automatic pump 
means.
11. Device according to claim 10, characterized in that the automatic pump means are 
designed to continuously deliver fluid.
12. Device according to claim 10 or 11, characterized in that the pump means comprise a 
drive unit (110) which is designed to displace the plunger (32) in the reservoir (30).
13. Device according to claim 12, characterized in that the measuring means (40) are de-
signed to pick up the force which is exerted on the plunger (32) by the drive unit (110).
14. Device according to one of the preceding claims, characterized in that pressure-limiting 
means are provided for the purpose of limiting the fluid pressure.
15. Measuring and signalling device, intended in particular for use in a device according to 
any one of the preceding claims, comprising:
 -  a housing (130);
 -  a space which is located in the interior of the housing (130)
 -  and is suitable for accommodating a fluid-filled reservoir (30) which is connected 
to pump means for pressurizing the fluid, the reservoir (30) being designed to be 
connected to a hollow needle (20);
 -  measuring means (40) for creating a pressure-measurement signal which is related 
to the pressure prevailing in the fluid in the hollow needle;
 -  signal-conversion means (50) for converting the pressure-measurement signal 
created by the measuring means (40) into a form which is suitable for further 
processing; and
 -  reproduction means (60, 70) which are designed to emit an acoustic signal which 
is representative of the pressure-measurement signal which has been converted 
by the signal-conversion means (50),characterized in that
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 -  the reproduction means are designed to emit the acoustic signal which is continu-
ously representative of the pressure prevailing in the fluid.
16. Measuring and signalling device according to claim 15, characterized in that the pump 
means comprise a dis-placeable plunger (32).
17. Measuring and signalling device according to claim 16, characterized in that automatic 
pump means are provided.
18. Measuring and signalling device according to claim 17, characterized in that the pump 
means are designed to deliver fluid continuously.
19. Measuring and signalling device according to claim 17 or 18, characterized in that the 
pump means comprise a drive unit (110) for displacing the plunger (32).
20. Measuring and signalling device according to claim 19, characterized in that the mea-
suring means(40) are designed to create the pressure-measurement signal on the basis 
of the force exerted on the plunger (32) by the drive unit (110).
21. Measuring and signalling device according to claim 19, characterized in that the pump 
means are provided with a displaceable connecting rod (35), one end (36) of which is 
intended to bear against the displaceable plunger (32), and with a drive unit (110) for 
effecting a displacement of the connecting rod (35).
22. Measuring and signalling device according to claim 21, characterized in that the mea-
suring means (40) are provided with a force pick-up for picking up the force exerted on 
the connecting rod (35).
23. Measuring and signalling device according to claim 22, characterized in that the signal-
conversion means (50) comprise a force-voltage converter.
24. Measuring and signalling device according to one of claims 21-23, characterized in that 
at least a section of the connecting rod (35) is provided with helical toothing.
25. Measuring and signalling device according to one of claims 15-24, characterized in 
that the acoustic reproduction means (60, 70) comprise a synthesizer (60) and a loud-
speaker (70).
26. Measuring and signalling device according to one of claims 15-25, characterized by 
visual reproduction means (80, 90) for emitting a visual signal which is representative of 
the pressure-measurement signal.
27. Measuring and signalling device according to claim 26, characterized in that the visual 
reproduction means (80, 90) comprise an amplifier (80) and a screen (90).
28. Measuring and signalling device according to one of claims 15-27, characterized by re-
cording means which are designed to record the profile of the pressure-measurement 
signal over the course of time.
29. Measuring and signalling device according to one of claims 15-28, characterized by 
clamping means which are provided on the exterior of the housing (130) for clamping 
the said device to any desired object.
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30. Device according to claim 8 or 28, characterized in that the recording means comprise 
an electronic memory which is designed to store the pressure-measurement data.
31. Device according to claim 8, 28 or 30, characterized in that the recording means 
comprise a magnetizable storage means, which is designed to store the pressure-
measurement data.
32. Assembly for a device according to one of the claims 1-29, comprising:
 -  measuring means (40) for creating a pressure-measurement signal which is related 
to the pressure prevailing in a fluid in a hollow needle;
 -  signal-conversion means (50) for converting the pressure-measurement signal 
created by the measuring means (40) into a form which is suitable for further 
processing; and
 -  reproduction means (60, 70) which are designed to emit an acoustic signal which 
is representative of the pressure-measurement signal which has been converted 
by the signal-conversion means (50), characterized in that
 -  the reproduction means are designed to emit the acoustic signal which is continu-
ously representative of the pressure prevailing in the fluid.
PatentansPrüCHe
1. Vorrichtung zum Auffinden einer Region (15), welche in einem Körper (10) liegt, mit:
 -  einer hohlen Nadel (20);
 -  einem mit Fluid gefüllten Reservoir (30), welches mit der Nadel (20) in Kommuni-
kation steht;
 -  einer Pumpeinrichtung zum Unterdrucksetzen des Fluids;
 -  einer Messeinrichtung (40) zum Erzeugen eines Druck-Messsignals, welches auf 
den im Fluid vorherrschenden Druck bezogen ist;
 -  einer Signal-Umwandlungseinrichtung (50) zum Umwandeln des durch die 
Messeinrichtung (40) erzeugten Druck-Messsignals in eine Form, welche für eine 
Weiterverarbeitung geeignet ist, und
 -  einer Reproduktionseinrichtung (60, 70) zum Senden eines akustischen Signals, 
welches auf das Druck-Messsignal bezogen ist, das durch die Signal-Umwand-
lungseinrichtung (50) umgewandelt worden ist, dadurch gekennzeichnet, dass
 -  die Reproduktionseinrichtung so ausgebildet ist, dass sie das akustische Signal 
emittiert, welches kontinuierlich repräsentativ für den im Fluid vorherrschenden 
Druck ist.
2. Vorrichtung nach Anspruch 1, dadurch gekennzeichnet, dass die Tonhöhe des akust-
ischen Signals für den im Fluid vorherrschenden Druck repräsentativ ist.
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3. Vorrichtung nach Anspruch 1 oder 2, dadurch gekennzeichnet, dass die Tonstärke des 
akustischen Signals für den im Fluid vorherrschenden Druck repräsentativ ist.
4. Vorrichtung nach einem der vorstehenden Ansprüche, dadurch gekennzeichnet, 
dass die Signal-Umwandlungs-einrichtung (50) so ausgebildet ist, dass sie das Druck-
Messsignal in Form einer elektrischen Spannung emittiert.
5. Vorrichtung nach einem der vorstehenden Ansprüche, dadurch gekennzeichnet, dass 
die Reproduktionseinrich¬tung (60, 70) einen Synthesizer (60), einen Audio-Verstärker 
und einen Lautsprecher (70) umfasst.
6. Vorrichtung nach einem der vorstehenden Ansprüche, gekennzeichnet durch eine op-
tische Reproduktionsein¬richtung (80, 90), die so ausgebildet ist, dass sie ein optisches 
Signal emittiert, welches für im Fluid vorherrschenden Druck repräsentativ ist.
7. Vorrichtung nach Anspruch 6, dadurch gekennzeichnet, dass die optische Reproduk-
tionseinrichtung (80, 90) einen Verstärker (80) und einen Schirm (90) umfasst.
8. Vorrichtung nach einem der vorstehenden Ansprüche, gekennzeichnet durch eine 
Aufzeichnungseinrichtung, welche so ausgebildet ist, dass sie das Profil des Druck-
Messsignals über den Zeitverlauf aufzeichnet.
9. Vorrichtung nach einem der vorstehenden Ansprüche, dadurch gekennzeichnet, dass 
die Pumpeinrichtung einen verschiebbaren Kolben (32) aufweist.
10. Vorrichtung nach einem der vorstehenden Ansprüche, gekennzeichnet durch eine 
automatische Pumpeinrichtung.
11. Vorrichtung nach Anspruch 10, dadurch gekennzeichnet, dass die automatische Pum-
peinrichtung so ausgebildet ist, dass sie kontinuierliche ein Fluid abgibt.
12. Vorrichtung nach Anspruch 10 oder 11, dadurch gekennzeichnet, dass die Pumpein-
richtung eine Antriebseinheit (110) umfasst, welche so ausgebildet ist, dass sie den 
Kolben (32) in dem Reservoir (30) verschiebt.
13. Vorrichtung nach Anspruch 12, dadurch gekennzeichnet, dass die Messeinrichtung 
(40) so ausgebildet ist, dass sie die Kraft aufnimmt, welche durch die Antriebseinheit 
(110) auf den Kolben (32) ausgeübt wird.
14. Vorrichtung nach einem der vorstehenden Ansprüche, dadurch gekennzeichnet, dass 
eine Druck-Begrenzungs-einrichtung zum Zwecke der Begrenzung des Fluiddruckes 
vorgesehen ist.
15. Mess- und Signalgebungsvorrichtung, insbesondere für die Verwendung in einer Vor-
richtung nach einem der vor-stehenden Ansprüche, mit:
 -  einem Gehäuse (130);
 -  einem Raum, welcher im Inneren des Gehäuses (130) liegt und zum Aufnehmen 
eines mit Fluid gefüllten Reservoirs (30) geeignet ist, welches mit einer Pumpein-
richtung zum Unterdrucksetzen des Fluids verbunden ist, wobei das Reservoir 
(30) so ausgebildet ist, dass dieses mit einer hohlen Nadel (20) verbunden ist,
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 -  einer Messeinrichtung (40) zum Erzeugen eines Druck-Messsignals, welches auf 
den im Fluid in der Hohlnadel vorherrschenden Druck bezogen ist;
 -  einer Signal-Umwandlungseinrichtung (50) zum Umwandeln des durch die 
Messeinrichtung (40) erzeugten Druck-Messsignals in eine Form, welche für eine 
Weiterverarbeitung geeignet ist; und
 -  einer Reproduktionseinrichtung (60, 70), welche so ausgebildet ist, dass ein 
akustisches Signal emittiert, welches für das Druck-Messsignal repräsentativ ist, 
welches durch die Signal-Umwandlungseinrichtung (50) umgewandelt worden 
ist, dadurch gekennzeichnet, dass
 -  die Reproduktionseinrichtung so ausgebildet ist, dass sie das akustische Signal 
emittiert, welches für den im Fluid vorherrschenden Druck kontinuierlich 
repräsentativ ist.
16. Mess- und Signalgebungsvorrichtung nach Anspruch 15, dadurch gekennzeichnet, 
dass die Pumpeinrichtung einen verschiebbaren Kolben (32) umfasst.
17. Mess- und Signalgebungsvorrichtung nach Anspruch 16, dadurch gekennzeichnet, 
dass eine automatische Pum-peinrichtung vorgesehen ist.
18. Mess- und Signalgebungsvorrichtung nach Anspruch 17, dadurch gekennzeichnet, dass 
die Pumpeinrichtung so ausgebildet ist, dass sie ein Fluid kontinuierlich abgibt.
19. Mess- und Signalgebungsvorrichtung nach Anspruch 17 oder 18, dadurch geken-
nzeichnet, dass die Pumpein-richtung eine Antriebseinheit (110) zum Verschieben des 
Kolbens (32) umfasst.
20. Mess- und Signalgebungsvorrichtung nach Anspruch 19, dadurch gekennzeichnet, 
dass die Messeinrichtung (40) so ausgebildet ist, dass sie das Druck-Messsignal auf der 
Basis der durch die Antriebseinheit (110) auf den Kolben (32) ausgeübten Kraft erzeugt.
21. Mess- und Signalgebungsvorrichtung nach Anspruch 19, dadurch gekennzeichnet, 
dass die Pumpeinrichtung mit einer verstellbaren Verbindungsstange (35) versehen ist, 
von der ein Ende (36) dafür vorgesehen ist, sich an dem verschiebbaren Kolben (32) 
abzustützen, und mit einer Antriebseinheit (110) zum Bewirken einer Verstellung der 
Verbindungsstange (35).
22. Mess- und Signalgebungsvorrichtung nach Anspruch 21, dadurch gekennzeichnet, 
dass die Messeinrichtung (40) mit einer Kraftaufnahme versehen ist, um die auf die 
Verbindungsstange (35) ausgeübte Kraft aufzunehmen.
23. Mess- und Signalgebungsvorrichtung nach Anspruch 22, dadurch gekennzeichnet, 
dass die Signal-Umwand-lungsvorrichtung (50) einen Kraft/Volt-Wandler umfasst.
24. Mess- und Signalgebungsvorrichtung nach einem der Ansprüche 21 bis 23, dadurch 
gekennzeichnet, dass we-nigstens ein Abschnitt der Verbindungsstange (35) mit Spiral-
verzahnung versehen ist.
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25. Mess- und Signalgebungsvorrichtung nach einem der Ansprüche 15 bis 24, dadurch 
gekennzeichnet, dass das die akustische Reproduktionseinrichtung (60, 70) einen 
Synthesizer (60) und einen Lautsprecher (70) umfasst.
26. Mess- und Signalgebungsvorrichtung nach einem der Ansprüche 15 bis 25, geken-
nzeichnet durch eine optische Reproduktionsvorrichtung (80, 90) zum emittieren 
eines optischen Signals, welches für das Druck-Messsignal re-präsentativ ist.
27. Mess- und Signalgebungsvorrichtung nach Anspruch 26, dadurch gekennzeichnet, 
dass die optische Reproduk-tionsvorrichtung (80, 90) einen Verstärker (80) und einen 
Schirm (90) umfasst.
28. Mess- und Signalgebungsvorrichtung nach einem der Ansprüche 15 bis 27, geken-
nzeichnet durch eine Aufzeich-nungseinrichtung, welche so ausgebildet ist, dass sie 
das Profil des Druck-Messsignals über den Zeitverlauf aufzeichnet.
29. Mess- und Signalgebungsvorrichtung nach einem der Ansprüche 15 bis 28, geken-
nzeichnet durch eine Klemm-einrichtung, welche auf dem Äußeren des Gehäuses 
(130) vorgesehen ist, umdie Vorrichtung an einem gewünschten Objekt anzuklemmen.
30. Vorrichtung nach Anspruch 8 oder 28, dadurch gekennzeichnet, dass die Aufzeich-
nungseinrichtung einen elek-tronischen Speicher umfasst, welcher so ausgebildet ist, 
dass er die Druck-Messdaten speichert.
31. Vorrichtung nach Anspruch 8, 28 oder 30, dadurch gekennzeichnet, dass die Aufzeich-
nungseinrichtung ein ma-gnetisierbares Speichermittel umfasst, welches so ausgebildet 
ist, dass es die Druck-Messdaten speichert.
32. Anordnung für eine Vorrichtung nach einem der Ansprüche 1 bis 29, mit:
 -  einer Messeinrichtung (40) zum Erzeugen eines Druck-Messsignals, welches auf 
den in einem Fluid in einer hohlen Nadel vorherrschenden Druck bezogen ist;
 -  einer Signal-Umwandlungseinrichtung (50) zum Umwandeln des durch die Mes-
seinrichtung (40) erzeugten Druck-Umwandlungssignals in eine Form, welche für 
eine Weiterverarbeitung geeignet ist; und
 -  einer Reproduktionseinrichtung (60, 70), welche so ausgebildet ist, dass sie ein 
akustisches Signal emittiert, welches für das Druck-Messsignal repräsentativ ist, 
welches durch die Signal-Umwandlungseinrichtung (50) umgewandelt wurde, 
dadurch gekennzeichnet, dass
 -  die Reproduktionseinrichtung so ausgebildet ist, dass sie das akustische Signal 
emittiert, welches für den im Fluid vorherrschenden Druck kontinuierlich 
repräsentativ ist.
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revendiCations
1. Dispositif pour localiser une région (15) qui se trouve dans un corps (10), comprenant :
 -  une aiguille creuse (20) ;
 -  un réservoir (30) rempli de fluide qui est en communication avec 
l’aiguille (20) ;
 -  des moyens de pompe pour mettre le fluide sous pression ;
 -  des moyens de mesure (40) pour créer un signal de mesure de la pres-
sion qui est lié à la pression existant dans le fluide ;
 -  des moyens (50) de conversion de signal pour convertir le signal de 
mesure de la pression créé par les moyens de mesure (40) en une forme 
adaptée pour un traitement complémentaire, et
 -  des moyens (60, 70) de reproduction pour émettre un signal acoustique 
qui est lié au signal de mesure de la pression qui a été converti par les 
moyens (50) de conversion de signal, caractérisé en ce que
 -  les moyens de reproduction sont conçus pour émettre le signal acous-
tique représentatif de manière continue de la pression existant dans le 
fluide.
2. Dispositif selon la revendication 1, caractérisé en ce que le pas du signal acoustique est 
représentatif de la pression existant dans le fluide.
3. Dispositif selon la revendication 1 ou la revendication 2, caractérisé en ce que le vol-
ume du signal acoustique est représentatif de la pression existant dans le fluide.
4. Dispositif selon l’une des revendications précédentes, caractérisé en ce que les moy-
ens (50) de conversion de signal sont conçus pour émettre le signal de mesure de la 
pression sous la forme d’une tension électrique.
5. Dispositif selon l’une des revendications précédentes, caractérisé en ce que les moyens 
de reproduction (60, 70) comprennent un synthétiseur (60), un amplificateur audio et 
un haut-parleur (70).
6. Dispositif selon l’une des revendications précédentes, caractérisé par des moyens 
(80, 90) de reproduction visuelle qui sont conçus pour émettre un signal visuel qui est 
représentatif de la pression existant dans le fluide.
7. Dispositif selon la revendication 6, caractérisé en ce que les moyens (80, 90) de repro-
duction visuelle comprennent un amplificateur (80) et un écran (90).
8. Dispositif selon l’une des revendications précédentes, caractérisé par des moyens 
d’enregistrement qui sont conçus pour enregistrer le profil du signal de mesure de la 
pression dans le temps.
9. Dispositif selon l’une des revendications précédentes, caractérisé en ce que les moy-
ens de pompe comprennent un piston mobile (32).
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10. Dispositif selon l’une des revendications précédentes, caractérisé par des moyens de 
pompe automatiques.
11. Dispositif selon la revendication 10, caractérisé en ce que les moyens de pompe au-
tomatique sont conçus pour administrer du fluide de manière continue.
12. Dispositif selon la revendication 10 ou la revendication 11, caractérisé en ce que les 
moyens de pompecomprennent une unité de commande (110) qui est conçue pour 
déplacer le piston (32) dans le réservoir (30).
13. Dispositif selon la revendication 12, caractérisé en ce que les moyens de mesure (40) 
sont conçus pour mesurer la force qui est exercée sur le piston (32) par l’unité de com-
mande (110).
14. Dispositif selon l’une des revendications précédentes, caractérisé en ce que des moy-
ens de limitation de la pression sont fournis afin de limiter la pression du fluide.
15. Dispositif de mesure et de signalisation, destiné en particulier à être utilisé dans un 
dispositif selon l’une quelconque des revendications précédentes, comprenant :
 -  un boîtier (130) ;
 -  un espace situé dans l’intérieur du boîtier (130) et qui est adapté pour recevoir un 
réservoir (30) rempli de liquide qui est relié à des moyens de pompe pour mettre 
le fluide sous pression, le réservoir (30) étant conçu pour être relié à une aiguille 
creuse (20) ;
 -  des moyens de mesure (40) pour créer un signal de mesure de la pression qui est 
lié à la pression existant dans le fluide dans l’aiguille creuse ;
 -  des moyens (50) de conversion de signal pour convertir le signal de mesure de 
la pression créé par les moyens de mesure (40) en une forme adaptée pour un 
traitement complémentaire ; et
 -  des moyens (60,70) de reproduction qui sont conçus pour émettre un signal 
acoustique représentatif du signal de mesure de la pression qui a été converti par 
les moyens (50) de conversion de signal, caractérisé en ce que
 -  les moyens de reproduction sont conçus pour émettre le signal acoustique qui est 
représentatif de manière continue de la pression existant dans le fluide.
16. Dispositif de mesure et de signalisation selon la revendication 15, caractérisé en ce que 
les moyens de pompe comprennent un piton mobile (32).
17. Dispositif de mesure et de signalisation selon la revendication 16, caractérisé en ce que 
des moyens de pompe automatiques sont fournis.
18. Dispositif de mesure et de signalisation selon la revendication 17, caractérisé en ce que 
les moyens de pompe sont conçus pour administrer du fluide de manière continue.
19. Dispositif de mesure et de signalisation selon la revendication 17 ou la revendication 
18, caractérisé en ce que les moyens de pompe comprennent une unité de commande 
(110) pour déplacer le piston (32).
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20. Dispositif de mesure et de signalisation selon la revendication 19, caractérisé en ce que 
les moyens de mesure (40) sont conçus pour créer le signal de mesure de la pression en 
se fondant sur la force exercée sur le piston (32) par l’unité de commande (110).
21. Dispositif de mesure et de signalisation selon la revendication 19, caractérisé en ce que 
les moyens de pompe sont dotés d’une tige de connexion mobile (35), dont une ex-
trémité (36) vise à s’appuyer contre le piston mobile (32), et d’une unité de commande 
(110) pour entraîner un déplacement de la tige de connexion (35).
22. Dispositif de mesure et de signalisation selon la revendication 21, caractérisé en ce que 
les moyens de mesure (40) sont dotés d’un capteur de force pour enregistrer la force 
exercée sur la tige de connexion (35).
23. Dispositif de mesure et de signalisation selon la revendication 22, caractérisé en ce que 
les moyens (50) de conversion de signal comprennent un convertisseur force - tension.
24. Dispositif de mesure et de signalisation selon l’une des revendications 21-23, caracté-
risé en ce qu’au moins une partie de la tige de connexion (35) est dotée de dentures 
hélicoïdales.
25. Dispositif de mesure et de signalisation selon l’une des revendications 15-24, carac-
térisé en ce que les moyens (60, 70) de reproduction acoustique comprennent un 
synthétiseur (60) et un haut-parleur (70).
26. Dispositif de mesure et de signalisation selon l’une des revendications 15-25, caracté-
risé par des moyens (80, 90) de reproduction visuelle pour émettre un signal visuel 
représentatif du signal de mesure de la pression.
27. Dispositif de mesure et de signalisation selon la revendication 26, caractérisé en ce que 
les moyens (80, 90) de reproduction visuelle comprennent un amplificateur (80) et un 
écran (90).
28. Dispositif de mesure et de signalisation selon l’une des revendications 15-27, caractérisé 
par des moyens d’en-registrement qui sont conçus pour enregistrer le profil du signal 
de mesure de la pression dans le temps.
29. Dispositif de mesure et de signalisation selon l’une des revendications 15-28, caracté-
risé par des moyens de clampage qui sont fournis sur l’extérieur du boîtier (130) pour 
clamper ledit dispositif à un objet souhaité quelconque.
30. Dispositif selon la revendication 8 ou la revendication 28, caractérisé en ce que les 
moyens d’enregistrement comprennent une mémoire électronique qui est conçue 
pour enregistrer les données de mesure de la pression.
31. Dispositif selon la revendication 8, 28 ou 30, caractérisé en ce que les moyens 
d’enregistrement comprennent un moyen d’enregistrement magnétisable, qui est 
conçu pour enregistrer les données de mesure de la pression.
32. Ensemble pour un dispositif selon l’une des revendication 1-29, comprenant :
 -  des moyens de mesure (40) pour créer un signal de mesure de la pression qui est 
lié à la pression existant dans un fluide dans une aiguille creuse ;
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 -  des moyens (50) de conversion du signal pour convertir le signal de mesure de 
la pression créé par les moyens de mesure (40) en une forme adaptée pour un 
traitement complémentaire ; et
 -  des moyens (60, 70) de reproduction qui sont conçus pour émettre un signal 
acoustique qui est représentatif du signal de mesure de la pression qui a été 
converti par les moyens (50) de conversion du signal, caractérisé en ce que
 -  les moyens de reproduction sont conçus pour émettre le signal acoustique qui est 
représentatif de manière continue de la pression existant dans le fluide.
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Clinical results with a new acoustic device 
to identify the epidural space
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summary
Fifty patients scheduled for surgery under lumbar epidural anaesthesia were included in 
a study to evaluate the possibility of localizing the epidural space solely by means of an 
acoustic signal. With an experimental set-up, the pressure generated during the epidural 
puncture procedure was translated into a corresponding acoustic signal. One anaesthetist 
held the epidural needle with both hands and detected the epidural space by means of 
this acoustic signal. At the same time, a second anaesthetist applied the loss of resistance 
technique and functioned as control. In all patients the epidural space was located with the 
acoustic signal. This was confirmed by conventional loss of resistance in 49 (98%) of the 
patients; in one patient (2%) it was not. We conclude that it is possible to locate the epidural 
space using an acoustic signal alone.
introduCtion
Epidural blockade is a widely accepted technique associated with significant reductions in 
the incidence of pulmonary embolism, deep venous thrombosis, pneumonia, myocardial 
infarction, wound infections, respiratory depression and transfusion requirements, and a re-
duction in mortality of 30%1. It has been shown to lead to greater patient satisfaction, shorter 
hospital stays and therefore lower costs1,2,3. In order to detect the epidural space, the loss 
of resistance technique is most frequently used4. This technique can be difficult to perform, 
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may be accompanied by minor or major complications and may be time-consuming. Several 
attempts have been made to improve or facilitate the loss of resistance technique by adding 
a visual or an acoustic signal5. Despite the advantages claimed, none of these techniques is 
used widely, probably because they have no clear additional value or are too cumbersome. 
Of the attempts made to find a method which permits the use of both hands on the epidural 
needle, only the hanging drop method is worthy of imitation6. This technique allows more 
control in handling the epidural needle, but it lacks reliability in the lumbar region7. 
We have designed a method that integrates both pressure monitoring by an acoustic 
and visual signal and a puncture procedure by which the anaesthetist handles the epidural 
needle with both hands. This allows us to identify the epidural space by an acoustic signal, 
thus replacing the conventional loss of resistance technique. To our knowledge, there 
has been no report of this device in the literature to date. The aim of this study was to 
investigate, in a clinical setting, whether it is possible to locate the epidural space using an 
acoustic signal alone.
metHods
Following approval by the medical ethics committee of the hospital and written informed 
consent from the patients, 50 consecutive patients with physical status ASA I–III, scheduled 
for elective surgery under lumbar epidural anaesthesia, were included in this study. Patients 
scheduled for a laparotomy received general anaesthesia as well. Patients with known 
coagulation disorders, hypersensitivity to amide local anaesthetics, skin lesions at the 
puncture site or neuromuscular disease were not studied. Demographic data (age, height, 
weight) and type of surgery were noted. 
The experimental set-up consisted of a conventional 10 ml syringe (BD Plastipak) and 
an 18G epidural needle (Braun Perican, Melsungen A.G., D-34209 Melsungen, Germany). 
The needle was attached to the syringe with two polyurethane tubes (150 cm long ⁄ 3.0 mm 
i.d.), connected to each other by a three-way Luer stopcock (Fig. 1). The remaining outlet 
of the stopcock was connected to a pressure transducer (True wave PX600F, Edwards 
LifeSciences, Irvine CA, USA; frequency response 0–40 Hz), and the system was flushed 
with sterile saline solution. The signal from the pressure transducer was transmitted to a 
standard pressure amplifier (78342, Hewlett Packard, Andover MA, USA). This amplifier 
was connected to a voltage-controlled oscillator (CMOS IC type 4046, Philips, Eindhoven, 
The Netherlands) and to an instrumentation recorder (WS-681G, Nihon Kohden, Japan) 
in order to register the pressure signal. The output of the VCO was transmitted to a sound 
amplifier (BC 337, Philips), which drives a small loudspeaker. In this way, pressure changes 
at the point of the needle result in corresponding variations in acoustic and visual signals, 
i.e. an increasing pressure leads to an increase in tone and a greater deflection and vice 
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versa. The passage of the needle tip from tissues of high resistance (ligamentum flavum) to 
those of low resistance (epidural space) is thus made audible and visible. 
In accordance with standard hospital procedures, the patient was connected to a moni-
toring device (Datex AS3) to observe ECG, pulse oximetry and non-invasive blood-pressure 
(NIBP). An 18G intravenous cannula was sited. Blood pressure was taken and a preload of a 
colloid solution 15 ml.kg-1 was given. 
Every epidural puncture was performed by two anaesthetists. Under aseptic conditions 
and with the patient in the sitting position, anaesthetist A performed local infiltration of the 
skin with lidocaine 2% and introduced the epidural needle ≈ 2 cm into the chosen lumbar 
vertebral interspace via a midline approach, then connected the flushed system to the epi-
dural needle. At a given signal, anaesthetist B (not visible to A), pressurised the plunger of 
the syringe to put pressure on the fluid, trying to detect loss of resistance, while anaesthetist 
A, using both hands and concentrating on the acoustic signals from the system, started to 
move the needle in a continuous forward direction towards the epidural space. The sys-
tem’s loudspeaker emitted an acoustic signal, reflecting pressure changes encountered by 
the epidural needle as it moved through the different tissues. The moment anaesthetist A 
heard a distinct fall in tone, he stopped advancing the needle. The procedure was thus con-
trolled by both an acoustic signal and the conventional tactile loss of resistance technique. 
The procedure ended when anaesthetist A identified the epidural space by means of the 
acoustic signal, or when anaesthetist B felt loss of resistance first. 
After identifying the epidural space, anaesthetist A inserted an 20G epidural catheter 
(Braun Perifix) 3 cm cephalad. A test dose of a local anaesthetic was administered through 
the catheter and, 3 min later, the complete dose was given. After 30 min and before surgery 
the sensory level (pinprick) and motor block (Bromage scale) were tested and recorded. The 
procedure was considered to be a clinical success when an adequate epidural blockade 
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Figure 1. Experimental set-up for acoustically-guided puncture of the epidural space. Anaesthetist A 
handles the epidural needle (4) and anaesthetist B the loss of resistance syringe (1). 1, 10 ml syringe; 2, 
connecting polyurethane tubing; 3, three-way Stopcock; 4, epidural needle; 5, pressure transducer; 
6, amplifier; 7, voltage controlled oscillator; 8, loudspeaker; 9, instrumentation recorder.
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for surgery was achieved after anaesthetist A identified the epidural space by the acoustic 
signal, i.e. when no supplemental analgesics were needed during surgery. For each patient, 
the puncture site, complexity of the procedure (simple ⁄ normal ⁄ difficult ⁄ impossible), 
usefulness of the acoustic signal (indicative ⁄ misleading), need for supplemental analgesics 
during the operation and any observed complications were recorded. 
In all procedures anaesthetist A was one of the two anaesthetist authors of this article. 
Anaesthetist B was either one of these two or one of the other five staff members of our 
department. Every individual anaesthetist had previous experience of performing > 1000 
epidurals each.
results
The demographic data, type of surgery performed and ASA classification of the studied 
population are listed in Table 1. Because the majority were orthopaedic operations (hip or 
knee replacement), the studied population was of greater than average age and tended 
to be overweight. All but seven patients received epidural anaesthesia only. The other 
seven also received general anaesthesia, because they were scheduled for laparotomy. 
The results of the acoustically-guided puncture procedure are listed in Tables 2 and 3. In 
all 50 patients (100%), anaesthetist A detected the epidural space guided by the acoustic 
signal alone. In only one case (2%), this was not confirmed by anaesthetist B with the loss of 
resistance test. In this patient the acoustic signal was indicative, but anaesthetist B did not 
feel conclusive loss of resistance. In a second attempt, anaesthetist A again identified the 
epidural space and again anaesthetist B did not feel clear loss of resistance. Anaesthetist 
A decided that the epidural space was located and, after catheter insertion, a successful 
epidural blockade was confirmed. In all cases, the auditory identification of the epidural 
Table 1 Demographic characteristics, type of operation and ASA classification of the studied 
population. Mean (SD) or n (%). N=50.
Age; years 66.6 (12.2)
Weight; kg 77.3 (14.2)
Height; cm 170 (8.6)
Type of operation
Gynaecology 5 (10%)
Orthopaedics 30 (60%)
General 8 (16%)
Vascular 5 (10%)
Urology 2 (4%)
ASA classification
1 13 (26%)
2 28 (56%)
3 9 (18%)
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space occurred fractionally earlier than the tactile loss of resistance. An example of a pres-
sure recording is shown in Fig. 2. Difficulty in introducing the epidural catheter was found 
in three patients and intravascular placement of the epidural catheter in two patients. In 
these five patients, a second attempt at another puncture site was successful and adequate 
analgesia was achieved. In all 50 patients, anaesthetist A was able to locate the epidural 
space. An epidural block was achieved with adequate analgesia for the operation indicat-
ing correct placement of the epidural catheter. In none of the attempts did anaesthetist B 
have to interrupt anaesthetist A during the procedure and therefore all procedures were 
categorised as successful. 
Table 2. Numbers of punctures performed by anaesthetist A using the acoustic device confirmed by 
conventional loss of resistance LOR by anaesthetist B (56 punctures in 50 patients).
Conﬁrmed by B with LOR Not conﬁrmed by B with LOR Total 
Diagnostic acoustic epidural puncture by A, 1st attempt 49 1 50 
No diagnostic acoustic epidural puncture 0 0 0 
by A, 1st attempt 
Diagnostic acoustic epidural puncture 5 1 6 
by A, 2nd attempt 
No diagnostic acoustic epidural puncture 0 0 0 
by A, 2nd attempt 
Total 54 2 56 
770 
Table 3. Epidural catheter insertion after acoustic needle positioning.
Catheter insertion No problem Intravascular Difﬁcult Epidural blockade
1st puncture 45 2 3 45
2nd puncture 5 0 0 5
Total 50 50
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Figure 2
1, Test signal, no needle movement;
2, start of epidural needle advancement;
3, entering the epidural space.
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A summary of the puncture sites, level of sensory block and degree of motor block is 
shown in Table 4. 
In all patients the acoustic procedure was scored as ‘simple’ and the value of the acoustic 
signal was classified as ‘indicative’. None of the patients required supplemental analgesics 
during surgery.
disCussion
In this study we investigated the possibility of localising the epidural space by guidance 
from an acoustic signal alone, thus enabling the anaesthetist to control the epidural needle 
with both hands. In this way, the handling of the needle is improved and passage through 
the ligamentum flavum can be better controlled. The technique under study was consid-
ered safe, because anaesthetist B functioned as a back-up during the puncture procedure. 
Furthermore, all punctures carried out in this study were in the lumbar vertebral region, 
thus minimising the risk of damage to the spinal cord. 
In 5 of the 50 patients, once the epidural space had been located by the acoustic signal, 
the epidural catheter could not be properly positioned. In two of these patients intravascu-
lar positioning of the catheter was diagnosed, and in three it was not possible to introduce 
the catheter. In these five patients, the acoustic procedure performed by anaesthetist A was 
confirmed by anaesthetist B. In a second attempt at another level, catheter positioning was 
successful in all five patients and adequate epidural block was achieved. We feel that these 
results are consistent with daily practice and published data8. In one case, anaesthetist B 
did not feel a clear loss of resistance on the first attempt, or on the second. We attribute 
this feature to weakness in the ligamentum flavum. Although this weakness was reflected 
in a changed pressure characteristic compared with the other patients, the fall in tone was 
judged by anaesthetist A as indicative and an adequate epidural block was achieved. In 
all cases, the auditory identification of the epidural space was fractionally earlier than the 
tactile loss of resistance, which observation has been reported previously9. 
It is expected that experienced anaesthetists prefer to rely on tactile information from 
the conventional loss of resistance technique, but it is well documented that the sense of 
hearing is better suited to detecting small changes, especially when the acoustical signal is 
electronically processed and enhanced as in this study10. In all cases the acoustical signal 
was scored as indicative, meaning that anaesthetist A had no doubt at all once the epidural 
Table 4 Puncture site, motor block and sensory block.
Median Range
Puncture site; lumbar level L2-3 L1-L4
Sensory blockade; thoracic level Th8 Th4-Th12
Motor blockade; Bromage score 2 1-3
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space was identified. Because anaesthetist A could handle the needle with both hands, 
the resistance offered by bony structures or the ligamentum flavum was easily met and 
recognised. Therefore, all the punctures were scored as ‘simple’. 
The experimental system used in this study was flushed with sterile saline solution. The 
advantages of using saline instead of air to perform an epidural puncture are documented 
in the literature11,12,13. The clinical advantages of epidural anaesthesia are well established1,2,3. 
Recent developments to enhance safety of the epidural procedure have been in the fields 
of needle design, pharmacology and correct positioning of the epidural needle8,14,15,16. 
Complication rates of epidural puncture with the conventional loss of resistance 
technique are low in experienced hands. Except for the hanging drop technique, other 
methods to identify the epidural space have not gained wide acceptance, either because 
of time-consuming procedures or the complexity of the method. In our study, we used an 
acoustical signal to detect the epidural space. The experimental set-up in our study was 
based on the principle that the sense of hearing is superior to that of touch10. Although it 
functioned well, we recognise that a technique which requires two anaesthetists and sepa-
rate devices is not appropriate in daily practice. Simplicity in performing a task is important. 
Therefore, we are developing a device, called an acoustic puncture assist device (APAD, 
patent applied for), which can be used by a single anaesthetist, and which consists of a 
small infusion device to replace the second anaesthetist (B in this study). In this device, a 
disposable, saline-filled syringe with an integrated extension line can be used. The exten-
sion line is easily connected to the epidural needle, and a loudspeaker and both visible 
and audible pressure monitors are incorporated in the device. In this way, the epidural 
puncture can be done by a single anaesthetist, guided by an acoustic signal and using both 
hands to localise the epidural space. The acoustic signal is audible to others in the vicinity, 
thus allowing coaching by a supervising anaesthetist. The epidural procedure itself can be 
made visible and the pressure signal can be recorded for inclusion with the anaesthesia 
record. This could be an important medico-legal adjunct to the anaesthesia procedure. 
Currently, a randomised clinical trial is in preparation in which a prototype of the APAD 
will be used. We conclude from this study that identifying the epidural space by means of a 
continuous acoustic signal alone has proved to be reliable, simple and safe. Advantages of 
this new technique are in the fields of greater stability in needle handling, training residents 
and anaesthesia record-keeping.
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abstr aCt
Sixty patients scheduled for lumbar epidural anesthesia were included in a study in which 
we evaluated the efficacy of localizing the epidural space by means of an acoustic signal. 
A prototype of an acoustic puncture assist device, connected to the epidural needle by 
an extension tube, generated the pressure needed to perform the epidural puncture and 
translated this pressure into corresponding acoustic and visible signals. The device frees 
the anesthesiologist to handle the epidural needle with both hands and to detect the 
epidural space by means of these signals. In all 60 patients (100%), the epidural space was 
successfully located by using the acoustic signal. In all cases, this was confirmed by the 
pressure measurement, which proved to be a reliable indicator for correct identification of 
the epidural space. We conclude that it is possible to locate the epidural space by means 
of the acoustic puncture assist device. The method proved to be reliable, safe, and simple 
in this study. The benefits of this new epidural puncture technique include better needle 
control, teaching, control of correct catheter placement, and documentation. The last can 
be an important adjunct to anesthesia practice. 
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introduCtion
There is continuing evidence in the literature of the numerous beneficial effects of epidural 
anesthesia1,2,3,4,5. Unfortunately, the technique is not applied as often as is possible. 
One explanation could be that the puncture procedure itself can be very difficult and 
may be accompanied by mild or even severe complications6. Especially during residency, 
the epidural technique has a relatively frequent failure rate7,8. The skills of trainees differ 
greatly, and there are no standard teaching methods to teach epidural anesthesia8,9,10. 
The techniques most used are “loss of resistance” and “hanging drop,” both described in 
the 1930s11,12. Over the years, many ingenious devices have been designed to improve the 
success of the puncture procedure13,14. However, none of them is widely used today. 
Recently, we described the clinical results with a new acoustic device to identify the 
epidural space15. The only disadvantages we found were that two anesthesiologists were 
required to perform the epidural puncture and that setting up the experimental gear was 
cumbersome. In this study, we wish to show that a continuous acoustic signal can permit a 
single anesthesiologist to perform the puncture and identify the epidural space.
metHods
After approval by the hospital’s human research committee and written, informed consent from 
the patients, 60 consecutive patients, ASA physical status I–III, were included in this study. Pa-
tients were scheduled for elective surgery under lumbar epidural anesthesia or for treatment of 
herpes zoster or ischemic pain in the lower limbs. Patients scheduled for a laparotomy received 
additional general anesthesia. Patients with known coagulation disorders, hypersensitivity to 
amide local anesthetics, skin lesions at the puncture site, or neuromuscular disease were not 
studied. Demographic data (age, height, weight) and type of surgery were noted. 
A schematic presentation of the experimental setup used in this study is shown in Figure 
1. Except for the extension tubes, the syringe, and the infusion pump, there were no changes 
in the setup compared with the one we used in our previous study15. 
The epidural puncture was performed by one of the eight staff anesthesiologists in our 
department. Each of them had previously performed more than 500 epidural procedures. 
In accordance with standard hospital procedures, patients were connected to a monitor-
ing device (AS3; Datex, Helsinki, Finland) to observe electrocardiogram, pulse oximetry, and 
noninvasive blood pressure. An 18-gauge IV cannula was inserted, and a preload of a colloid 
solution (15 mL/kg) was given. Under aseptic conditions and with the patient in the sitting 
position, local infiltration of the skin with lidocaine 2% was performed at the level of the 
chosen lumbar vertebral interspace. An 18-gauge epidural needle (Braun Perican; Melsun-
gen A.G., Melsungen, Germany) was inserted 1–2 cm into the interspinous ligament via the 
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midline approach. After the stylet was withdrawn, the needle was flushed with saline, and 
the experimental device was attached to the needle via a 120-cm length of polyvinyl chloride 
tubing. The infusion pump (rate set at 100 mL/h), the sound amplifier, and the instrumenta-
tion recorder of the experimental setup were then activated. Pressure changes in the system, 
generated by the infusion pump and depending on the resistance offered by the tissues at 
the tip of the needle, resulted in corresponding variations in acoustic and visual signals; i.e., 
increasing pressure gave rise to a higher tone and an upward deflection of the pressure curve 
and vice versa. The passage of the needle tip from tissues of high resistance (ligamentum 
flavum) to those of low resistance (epidural space) was thus made audible and visible. 
Holding the epidural needle with both hands, the anesthesiologist moved the needle 
in a continuous forward direction toward the epidural space. The moment the anesthe-
siologist heard a distinct fall in tone pitch, the needle advancement was stopped, and the 
documented pressure was checked. If the decreased pressure confirmed the aural find-
ings, the apparatus was disconnected from the needle, and a 20-gauge epidural catheter 
(Braun Perifix; Melsungen A.G.) was inserted 3 cm cephalad. If not, the epidural needle 
was advanced until the epidural space was identified by means of the combined use of the 
acoustic signal and confirmative pressure documentation. Then the epidural catheter was 
placed. After negative aspiration, a test dose of a local anesthetic was administered through 
the catheter, and 3 min later, the complete dose was given. 
Thirty minutes later, the sensory level (pinprick) and motor block (Bromage scale) were 
tested and recorded. In the case of treatment of herpes zoster, a combination of 4 mL of 
bupivacaine 0.5% and 80 mg of methylprednisolone-acetate was given. 
For each patient, the level of puncture, the efficiency of the device in localizing the epi-
dural space (good, normal, insufficient, or worthless), the usefulness of the acoustic signal 
(indicative or misleading), the need for supplemental analgesics, the tactile perception of 
the ligamentum flavum, and any observed complications were recorded. The procedure 
Figure 2. 
Figure 3 
Figure 4. 
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Figure 1. Experimental setup for acoustically guided puncture of the epidural space. 1, Infusion pump 
(Graseby 3300; Graseby Medical Ltd, Herts, UK); 2a, polyethylene extension tube (200 cm long, 1.0-
mm inner diameter; Vygon, Ecouen, France); 2b, polyvinyl chloride extension tube (120 cm long, 1.8-
mm inner diameter, part of a pressure transducer set; Edwards Lifesciences, Irvine, CA); 3, threeway 
stopcock; 4, epidural needle; 5, pressure transducer; 6, pressure amplifier; 7, voltage-controlled 
oscillator; 8, loudspeaker; 9, instrumentation recorder.
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was considered to be a clinical success when adequate pain relief was achieved or no 
supplemental analgesics were needed during surgery.
results
Of the studied population, the mean age was 65 yr (sd, 13 yr), mean weight was 78 kg (sd, 11 kg), 
and mean height was 170 cm (sd, 7). Of the procedures, 38 (64%) were orthopedic, 15 (25%) 
were gynecologic, 2 (3%) were urologic, and 2 (3%) were vascular. One patient was treated for 
herpes zoster and two (5%) for ischemic pain in the lower limbs. According to the ASA classifica-
tion, 17 patients (28%) were classified as ASA status I, 37 (62%) as II, and 6 (10%) as III. Forty-seven 
patients received epidural anesthesia combined with sedation only. Ten also received general 
anesthesia (muscle relaxant combined with propofol infusion) because they were scheduled 
for a laparotomy. Two patients treated for ischemic pain in the lower limbs and one patient 
treated for herpes zoster did not receive any sedative. In all 60 patients (100%), the anesthesi-
ologist detected the epidural space by means of the acoustic device, and correct identification 
was confirmed by the pressure registration (Fig. 2). An epidural block with successful analgesia 
was achieved and ultimately verified correct placement of the epidural catheter. In one patient, 
the anesthesiologist had to perform a puncture at three different levels because of an arthrotic 
spine with multiple calcifications. Eventually the epidural space was located solely by acoustic 
guidance. In one patient, two punctures were needed because of extreme scoliosis. In two 
patients, the epidural catheter was placed intravascularly. 
Figure 2. 
Figure 3. 
Figure 4. 
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Figure 1. 
Figure 2. Pressure registration produced by the acoustic puncture assist device showing a pressure 
decrease (1) at entering the epidural space and a low-pressure plateau (1–2) due to the free flow of 
saline.
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In one of these patients, a second puncture was needed because on the first attempt the 
epidural catheter was no longer in the epidural space after a 2-cm withdrawal. In 11 patients, 
the ligamentum flavum was never felt but was detected by the acoustic signal. 
In five patients, there was an initial fall in tone pitch, although it was not the typical one we 
expected from our preliminary studies. In these cases, the pressure reading was not confirma-
tive for correct identification of the epidural space (Fig. 3). The anesthesiologist continued the 
needle insertion until there was a typical fall in tone pitch, and identification of the epidural 
space was confirmed by the pressure reading. The mean puncture site was L2-3 (range, L1 to 
L4), the mean level of sensory block was T7 (range, T2 to T12), and the mean Bromage score 
of motor block was 2 (range, 1–3). In all patients, the efficiency of the device was scored as 
“good,” and the value of the acoustic signal was classified as “indicative.” Except for intravas-
cular placement of the catheter in two patients, no complications were recorded.
disCussion
This study supports our previous findings that an auditory signal is accurate in identifying 
the epidural space15. It is well documented that the sense of hearing is better suited to 
detect small changes than the sense of touch16,17,18. This fact was supported in this study by 
the 11 patients in whom the tone correctly indicated that the epidural space was reached 
but for whom the anesthesiologist did not feel the passage through the ligamentum flavum. 
In five cases, there was a distinct drop in tonal pitch, indicating loss of resistance. 
However, this drop was not typical, nor was the pressure reading. We concluded that the 
epidural space had not yet been entered and proceeded successfully. If we had used the 
conventional loss-of-resistance technique, we might have stopped when the first loss of 
resistance was felt. After catheter insertion, this would have resulted in failed epidural anal-
Figure 2. 
Figure 3. 
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Figure 3. Pressure registration produced by the acoustic puncture assist device showing a pressure 
decrease (1) at enterin  a cavity, followed by a slowly increasing plateau (1–2) due to filling the cavity 
with saline.
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gesia. These findings suggest some added advantages in performing the epidural puncture 
with the acoustic puncture assist device (APAD). With it, one might better discriminate 
between real and “pseudo” loss of resistance. When a distinct drop in tone pitch and pres-
sure (resting pressure, approximately 40 mm Hg) were detected while the pitch remained 
constant (indicating free flow of infused saline), the epidural space was identified (Fig. 2). 
However, when the tone pitch and pressure curve rose again, indicating no free flow of 
infused saline, the epidural space had not been entered (Fig. 3). The explanation for this 
might be that the needle tip entered a hole or cyst in the interspinous ligament. Sharrock19 
documented recordings of false-positive loss of resistance. For the recording, he used a 
four-way stopcock connected via saline-filled tubing to a pressure transducer and inter-
posed between a 2-mL glass syringe and the Tuohy needle. Pressures within the air-filled 
syringe were recorded while testing manually for loss of resistance. He showed that a sud-
den loss of resistance may be encountered although the epidural space is not yet reached. 
He based his findings on the anatomical studies of Rissanen20, who describes degeneration 
of the interspinous ligament leading to cavity formation. These degenerative changes are 
frequent in the elderly and are usually in the lumbar vertebral region. Entering such a cyst 
with the epidural needle will lead to a sudden loss of resistance, and the temptation will be 
to assume that the epidural space has been reached. 
In two patients, we had to withdraw the epidural catheter a few centimeters because of 
intravascular placement. When we connected the APAD to the catheter at this moment, 
with the pump still running, at first the pressure increased because of the small diameter 
(high resistance) of the catheter. In one of these two patients, because the pressure stabi-
lized and no further increase occurred, indicating a free flow of saline, we decided that the 
Figure 2. 
Figur  3.
Figure 4. 
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Figure 4. Pressure registration produced by the acoustic puncture assist device showing a slow 
increase of the pressure caused by the small diameter of a 20- gauge catheter, followed by a plateau 
(1) due to the free flow of saline.
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catheter was still in the epidural space (Fig. 4). A successful epidural block confirmed this. 
In the other patient, the pressure increased, indicating incorrect catheter placement, and 
we performed a second puncture. 
The apparatus used in our previous study required two anesthesiologists. In this study, 
we used an infusion pump to generate the pressure needed. With this new technique, a 
single anesthesiologist can identify the epidural space. 
Eight experienced anesthesiologists participated in this study, of whom six performed an 
acoustically-guided epidural puncture for the first time. An advantage of this technique is 
the ability to handle the needle with both hands. This is true of the “hanging drop” tech-
nique, but that technique lacks reliability in the lumbar vertebral region. An audible guide 
during epidural placement and the ease with which experienced anesthesiologists used 
this equipment suggest that this technique may be useful for teaching purposes. 
We realize that the experimental setup used in this study is not suitable for everyday 
practice. For that reason, we are developing a dedicated infusion device that incorporates 
both audible and visible monitors. This device can be loaded with a saline-filled reservoir 
with an integrated extension tube for connection to the epidural needle. The device can be 
used in two different ways: one can use only the auditory and pressure mode and perform 
the epidural puncture with the conventional loss-of resistance technique, or one can use 
the infusion mode as well, to free both hands for manipulating the epidural needle. 
Because the infusion pump was programmed at a constant infusion speed, pressure 
changes at the tip of the needle were solely caused by the changes in resistance offered 
by the tissue through which the needle was passing. This phenomenon made the pressure 
record a reliable indicator for a correct identification of the epidural space (Fig. 2).
From this study we conclude that a correct puncture procedure with the APAD should 
consist of the combined use of hearing, touch, and sight—hearing for positive identification 
of the epidural space, touch for needle control, and visual confirmation of the pressure 
tracing in case of doubt. The technique is reliable, safe, and simple. Potential advantages of 
the technique include greater stability in needle handling, teaching residents, and confir-
mation of correct catheter placement. Inclusion of the pressure record with the anesthesia 
record can also provide documentation of catheter placement. 
The authors would like to thank the postanesthetic care unit nurses for their assistance in 
performing the epidural procedures and D. Brashear for her assistance in preparing the 
manuscript.
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summary
Background and objective: In previous studies we have demonstrated that it is possible 
and safe to identify the lumbar space by an acoustic and visible signal. The use of an experi-
mental set-up constructed for this purpose, the acoustic puncture assist device, the lumbar 
epidural puncture procedure became both audible and visible. In the present study we 
have extended the use of the device to localize the thoracic epidural space. We have also 
evaluated whether the device can be used as a practical tool to confirm correct catheter 
placement.
Methods: In 100 consecutive patients a prototype of the acoustic puncture assist device 
was connected to the epidural needle in order to localize the epidural space. The device 
translates the pressure encountered by the needle tip into a corresponding acoustic and 
visible signal and enables the anaesthesiologist to detect the epidural space by means of 
the acoustic signal. After catheter insertion, local anaesthetic was administered. Subse-
quently the epidural block was tested. In 10 patients the device was also connected to the 
epidural catheter after its insertion into the epidural space.
Results: In all 100 patients included in the study the epidural space was successfully located 
by means of the acoustic signal. The only recorded complication was intravascular catheter 
placement in two patients.
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Conclusions: It is possible to localize the thoracic epidural space guided by an acoustic 
signal. The method was shown to be safe, reliable, and simple. Potential implications of 
this technique include better needle control, constant needle flush, public monitoring of 
needle tip position, improved monitoring for training purposes and for clinical documenta-
tion of the thoracic epidural puncture as well as identifying correct catheter placement.
introduCtion
There are many circumstances where thoracic epidural anaesthesia is indicated. However 
the technique is more difficult to perform than lumbar epidural placement. It is well known 
that there is a ‘learning curve’ before one reaches consistency in performing an epidural 
block1. With the thoracic approach, control of the needle is critical, since injury to the spi-
nal cord is possible if the needle is advanced too far2,3. There is no standard method to 
describe the technique, nor is there a validated procedure available to confirm correct 
catheter placement. Thoracic epidural techniques are somewhat awkward and complica-
tion rates may be higher than for lumbar techniques4, 5. Confirmation of correct catheter 
placement is especially important when epidural anaesthesia is combined with general or 
spinal anaesthesia. Studies by Ghia and co-workers and Tsui and co-workers address this 
issue6, 7, 8. 
In two previous studies we demonstrated the clinical results of the lumbar epidural punc-
ture with the acoustic puncture assist device, and concluded that the puncture technique 
with the device in these studies proved to be safe and effective in the lumbar region9, 10. 
Before starting a multi-centre randomised prospective trial we wanted to evaluate 
whether the device is also safe and efficient for use in the thoracic region, and whether it 
can be used as a practical tool to confirm correct catheter placement.
metHods
After approval by the local Institutional Ethics Committee and written, informed patient 
consent was obtained, 100 consecutive patients, ASA I-III, were included in this study. 
Patients were scheduled for thoracic or major abdominal surgery under thoracic epi-
dural anaesthesia combined with general anaesthesia. Patients with known coagulation 
disorders, hypersensitivity to amide local anaesthetics, skin lesions at the puncture site or 
neuromuscular disease were excluded from this study. Patient characteristics date (age, 
height, weight) and type of surgery were noted. 
A schematic presentation of the experimental set-up used in this study is shown in Figure 
1. The set-up was identical to the one used in our earlier study10. The epidural puncture 
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was performed by one of six staff anaesthesiologists in our department. Each of them had 
previously performed more than 500 epidural procedures, both lumbar and thoracic. 
In accordance with standard hospital procedures, patients were connected to a monitor-
ing device (AS3; Datex, Helsinki, Finland) to observe electrocardiogram, pulse oximetry 
and non-invasive blood pressure (BP). A large-bore intravenous (i.v.) cannula was inserted 
and a preload of a colloid solution (15 mL kg -1) was given. 
Under aseptic conditions and with the patient in the sitting position, local infiltration of 
the skin with lidocaine 2% was performed at the level of the chosen thoracic vertebral in-
terspace. An 18-G epidural needle (Braun Perican; Melsungen A.G., Melsungen, Germany) 
was inserted 1-2 cm via the midline approach. 
After the stylet was withdrawn, the needle was flushed with saline, and the experimental 
device was attached to the needle via a 120-cm length of polyvinyl chloride tubing. The in-
fusion pump (rate set at 100 mL h-1), the sound amplifier, and the instrumentation recorder 
of the experimental set-up were then activated. Kinking the extension tube, which led to 
a clearly audible increase in pitch tone and a clear rise in the pressure register, tested the 
system. 
Since the infusion rate was kept constant, the pressure in the system was solely caused by 
the density of the tissue in which the needle tip was at any given moment. Pressure changes 
resulted in corresponding variations in acoustic and visual signals; i.e., increasing pressure 
gave rise to a higher pitched tone and an upward deflection of the pressure register and vice 
versa. In this way the passage of the needle tip from tissues of high resistance (ligamentum 
flavum) to those of low resistance (epidural space) is made audible and visible. 
Holding the epidural needle with both hands, the anaesthesiologist moved the needle 
in a continuous forward direction toward the epidural space. The moment the anaesthesi-
ologist heard a distinct fall in pitch tone, preceded by an initial rise, needle advancement 
was stopped, and the pressure curve was checked. If the record confirmed the aural signal 
Figure 2. 
Figure 3 
Figure 4. 
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Figure 1. Experimental set-up for acoustically guided puncture of the epidural space. 1: infusion 
pump; 2a: polyethylene extension tube; 2b: polyvinylchloride extension tube; 3: three-way 
stopcock; 4: epidural needle; 5:pressure transducer; 6: pressure amplifier; 7: voltage controlled 
oscillator; 8: loudspeaker; 9: instrumentation recorder.
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of a reduction in pressure, the apparatus was disconnected from the needle, and a 20-G 
epidural catheter (Braun Perifix) was inserted 3 cm cephalad. 
It is the policy in our hospital not to insert an epidural catheter in an unconscious patient. 
In this study we did it once, at the specific request of a fifteen-year old patient scheduled for 
splenectomie and nephrectomy in the same session. The epidural puncture was performed 
after induction of anaesthesia. In 10 patients we also connected the apparatus to the epi-
dural catheter to record the pressure curve of the catheters we believed to be correctly 
placed with the pump running at 100 mL. h-1. We recorded this pressure and disconnected 
the apparatus again. 
After negative aspiration, a test dose of a local anaesthetic was administered through the 
catheter and, 3 min later, the complete dose was given. The choice of local anaesthetic 
and dose depended on the personal preference of the practising anaesthesiologist. Thirty 
minutes later, the sensory level (pinprick) and motor block (Bromage scale) were tested. 
The procedure was considered to be a clinical success if there was an adequate sensory 
block and no supplemental i.v. analgesics were needed during surgery, i.e. there were no 
unacceptable changes (> 15%) in heart rate and BP, nor were there other signals of intra-
operative stress. 
Induction of anaesthesia consisted of a propofol infusion, an i.v. bolus injection of a 
muscle relaxant and an i.v. bolus injection of sufentanil 10µg (Janssen-Cilag B.V., 5000 
LT Tilburg, The Netherlands) to facilitate tracheal intubation. Ventilation was controlled 
artificially and anaesthesia was maintained with propofol administered by infusion. Bolus 
injections of muscle relaxant were administered as required. Just before skin incision sufen-
tanil 20 µg was administered via the epidural catheter, and a continuous epidural infusion 
with a mixture of  bupivacaine hydrochloride 2.5 mg ml-1 and sufentanil 1µg mL-1 was started 
(3-4 mL h-1). 
For each patient, the efficacy of the device in localizing the epidural space (good, normal, 
insufficient or worthless), the usefulness of the acoustic signal (indicative or misleading), the 
need for supplemental analgesics, the tactile perception of the ligamentum flavum, and 
any observed complications were recorded.
results
In the studied population the median age was 63 yr (range 15-86), median height 173 
cm (range 155-189) and median weight 73 kg (range 45-115). Of the procedures 42 were 
thoracic, 58 were major abdominal (of which 45 were general surgery), 10 urologic, and 3 
gynaecologic. Fourteen patients were classified as ASA I, 52 as II and, 34 as III. 
In all patients the anaesthesiologist detected the epidural space by means of the acous-
tic signal and correct identification was confirmed by the pressure monitor. An example 
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of such a recording is given in Figure 2. An epidural block with adequate analgesia was 
achieved in all patients which verified correct placement of the epidural catheter. None of 
the patients needed additional i.v. analgesics during surgery. In two patients the anaesthe-
siologist had to perform a puncture at three different levels, because only bony structures 
were encountered on the first two attempts or the epidural catheter could not be inserted 
on the first two attempts.
In four patients, two punctures were needed because it was not possible to pass between 
the vertebrae on the first attempt in three of them. In the fourth patient, the catheter was 
withdrawn too far after initial intravascular placement (fig. 3). Eventually in all patients the 
epidural space was located solely by acoustic guidance. 
Figure 2. 
Figure 3 
Figure 4. 
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Figure 2. Pressure recording produced by the experimental device showing base-line pressure with a 
running pump (1), occlusiontest (2), needle withdrawal because of needle contact to bone and start 
of repeated needle advancement (3), a pressure decrease at entering the epidural space (4), and a 
low-pressure plateau (4 and 5) due to the free flow of saline.
Figure 2. 
Figure 3 
Figure 4. 
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Figure 3. Pressure recording roduced by the experimental device showing an ongoing rise in 
pressure (1) after withdrawal of the catheter, indicating no free flow of saline, i.e. the tip of the 
catheter is no longer in the epidural space.
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In one patient the epidural catheter was still in the epidural space after a 2-cm withdrawal, 
following intravascular placement (fig. 4). Figure 4 is also representative of the recordings 
we made for the 10 patients to whom we connected the apparatus to the epidural catheter. 
In the case of the patient in whom we performed the epidural puncture after induction of 
anaesthesia, we tested the block after operation. Catheter placement was uneventful. 
In 50 patients the ligamentum flavum was never felt, but was detected by the acoustic 
signal. 
In all patients the efficacy of the device was scored as “good” and the value of the acous-
tic signal was classified as “indicative”. Except for intravascular placement of the catheter in 
two patients, no other complications were recorded.
disCussion
In two previous studies we chose to evaluate the efficacy of the acoustic device in the lum-
bar vertebral region in order to minimize the risk of damage to the spinal cord9, 10. Since the 
results of these studies were positive, we were encouraged to extend the use of this new 
puncture technique. We chose the thoracic epidural puncture, which is normally restricted 
to experienced anaesthesiologists because of the possible serious complications. 
All of the anaesthesiologists participating in this study were experienced, and during 
residency they were all trained to use the midline approach, advancing the needle in a con-
stant forward direction; however they had not extensively used the acoustic device before. 
Nevertheless the only recorded complication in 100 consecutive patients was intravascular 
placement of the catheter in two patients. 
Figure 2. 
Figure 3 
Figure 4. 
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Figure 4. Pressure recording produced by the experimental device showing a slow increase of the 
pressure caused by the small diameter of a 20-G catheter followed by a plateau (1) due to free flow of 
saline, suggesting that the tip of the catheter is in the epidural space.
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This result suggests that the acoustically guided technique is safe for use in the thoracic 
region. None of the patients needed additional i.v. analgesics, meaning that they had an 
adequate epidural block. Therefore in all cases the fall in pitch tone was indicative, and the 
documented pressure a reliable indicator of correct identification of the epidural space 
(fig.2). 
We believe, based on experience in our own practice, that the need to perform two or 
three punctures in six patients before reaching the epidural space would have been similar 
if we had used one of the conventional techniques. 
The techniques most used for the thoracic epidural puncture are the ‘hanging drop’, and 
‘loss of resistance’ techniques, either by median or para-median approach11, 12. A disadvan-
tage of the first is that the needle can be obstructed, in which case the drop of liquid no 
longer functions as a vital warning signal. In the thoracic region the passage between the 
spinous processes of the vertebrae is very steep, and often long. Therefore absolute needle 
control is required, which is not always possible when the loss of resistance technique is 
used, because only one hand is free to hold the needle, the other being needed to search 
for the loss of resistance.  
With the acoustic device the anaesthesiologist can handle the epidural needle with both 
hands, and localize the epidural space by means of an acoustic signal. It is well known that 
the sense of hearing is better suited to detect small changes, than the sense of touch13. This 
fundamental concept was confirmed in the 50 patients in whom the anaesthesiologist did 
not feel the passage through the ligamentum flavum, but was warned by the change in 
pitch tone. 
Also a supervising anaesthesiologist can hear the acoustic signal. Due to this, the acous-
tic guided puncture seems to be a useful tool in teaching procedures. In contrast to the 
‘hanging drop’ technique, the acoustic device can be used in both the thoracic and lumbar 
regions, and the constant flush prevents the needle from becoming obstructed. 
The fact that an expected pressure trace was found in 10 correctly placed catheters is 
useful information. Although the cohort in this study is rather small, the trace might be used 
in future to confirm correct catheter placement. 
Studies by Ghia and co-workers , and Tsui and co-workers address the issue of control of 
correct catheter placement6, 7, 8. In 10 patients Ghia connected the end of the epidural cath-
eter, after presumed placement in the epidural space, to a disposable pressure transducer 
and injected 5 mL normal saline. He compared the pressure record of this bolus injection 
with localization by computed tomograpy (CT) after contrast injection through the catheter 
in the same patient. He concluded that there was a strong relationship between pressure 
recorded and CT, and therefore that the pressure changes can be used reliably to confirm 
correct catheter placement. 
Tsui also perceived the need for a reliable method to confirm correct catheter place-
ment. He used electrical stimulation of a catheter especially constructed for this purpose. 
Chapter 5
72
It is possible that the acoustic device used in the present study, when further developed 
from the present prototype, will be a simple and inexpensive way to identify and document 
correct position of thoracic epidural catheters. 
None of the conscious patients complained of pain during the puncture procedure, 
which suggests that underlying neural structures were not traumatized. In this study every 
puncture was successful, including one performed on an unconscious patient. We are 
aware that practices and policies regarding catheter placement in unconscious or con-
scious patients vary from country to country14. Some experts believe that epidural insertion 
in an anaesthetized patient affords safer conditions and facilitates placement15. Since the 
puncture technique with the acoustic device proved to be accurate in this study, and the 
procedure can be documented, it would be interesting to conduct a study in which the 
device is used with unconscious patients. Many patients would be grateful if this possibility 
was offered to them. 
In this study we found no disadvantages of the technique. We realize, however that 
experienced anaesthesiologists would possibly have had the same results if one of the 
conventional techniques had been used. 
From this cohort study we conclude that the thoracic epidural puncture using the 
acoustic device is safe, simple and reliable. Potential advantages of the technique include 
greater stability in needle handling, which is of special importance in the thoracic region; 
continuous needle flush, which prevents obstruction; and confirmation and documenta-
tion of correct identification of the epidural space and subsequent catheter placement. 
The auditory signal is a useful tool in training situations, because the signal is audible to 
trainer and trainee alike. 
The results of this study encourage us to proceed with a randomised multi-centre trial 
with well-defined end-points in order to compare the acoustic device with conventional 
techniques.
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summary
The insertion of an epidural catheter for labour analgesia may be challenging. This obser-
vational study compared pressures during insertion of an epidural catheter in pregnant 
(n = 35) and non-pregnant (n = 10) women, using an acoustic device for locating the epidural 
space that also records and stores pressure data during the procedure. In both groups, 
we compared the maximum pressure just before loss of resistance, the pressure in the 
epidural space and the pressure in the inserted epidural catheter. Maximum pressure just 
before loss of resistance in the pregnant women was significantly lower compared with 
the non-pregnant women. Pressures in the epidural space and with the disposable tubing 
connected to the inserted epidural catheter were greater in pregnant women than in non-
pregnant women. The results support the hypothesis that physiological changes in the third 
trimester of pregnancy are the reason why epidural catheters are more difficult to insert in 
women in labour. 
introduCtion
Epidural analgesia is a very effective method for relieving the pain of labour1,2,3. However, 
in childbirth the use of this technique is often hampered by lack of co-operation from the 
patient, altered consistency of the tissues and lack of clear landmarks4,5,6. Recently, there 
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has been an alarming rise in the reported rate of accidental dural puncture7. Thus, we 
developed a device, the acoustic puncture assist device, to help the anaesthetist locate 
the epidural space. The acoustic puncture assist device is designed to detect and signal, 
by tone, the loss of resistance, first described by Dogliotti8. It records the pressure changes 
during the epidural puncture procedure and stores the pressure reading. It enables the 
anaesthetist to handle the epidural needle with both hands, and to identify the epidural 
space guided by an acoustic signal. Compared with the conven tional loss of resistance, 
the use of the device supplements the sense of touch with sound and also provides an 
objective visible pressure reading.
The acoustic puncture assist device and its disposable used in this study were developed 
as a result of our experience with the experimental set-up described in our previous re-
search9,10,11. The most striking difference between the current version and the exper imental 
set-up is its optimal transportability and the ability to record pressure data digitally. 
We have conducted clinical research on epidural analgesia and anaesthesia with the 
use of this device since 2001. To date, we have used it for more than 5000 interventions, 
and we still conclude that the use of the device makes the epidural puncture procedure 
reliable, safe and simple. 
The aim of this observational study was to find out whether pressure data in women in 
labour differ from those in non-pregnant women.
metHods
After approval of the local medical ethics committee, and with written informed consent of 
the patients, 35 consecutive women in labour were included in this study. Patients with known 
coagulation disorders, hypersensitivity to amide local anaesthetics, skin lesions at the puncture 
site, neuromuscular disease or cervical dilatation of more than 7cm were not studied. 
Standard hospital procedure for the use of epidural analgesia with the acoustic puncture 
assist device monitor was followed. All authors had used the acoustic puncture assist 
device previously. Before performing the epidural procedure, an 18-G intravenous can-
nula was sited by the obstetric resident and all patients received a preload of 10 ml.kg-1 
crystalloid. The patient was then connected to a monitoring device (Datex AS3) to observe 
ECG, pulse oximetry and non invasive blood pressure. Under full aseptic conditions, and 
with the patient in a sitting position, local infiltration of the skin was performed with 2% 
Lidocaïne at the chosen vertebral interspace (L2-3 or L3-4). The disposable of the acoustic 
puncture assist device (Equip Medikey, Gouda, The Netherlands) was flushed with sterile 
saline solution, using a conventional 20-ml syringe (BD Plastipak, Madrid, Spain). The 
disposable consists of a sterile extension line (2 m), equipped with a thin membrane, that 
will expand when pressure in the tubing rises. The syringe, when connected to one end of 
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Figure 1 (a) Diagram of the acoustic puncture assist device set-up. 1: Infusion device, 2: 20-ml syringe, 
3: Acoustic Puncture Assist Device (APAD), 4: Disposable extension tube, 5: Tuohy needle. Arrow: 
connection of the disposable to the APAD  At this point the pressure in the disposable is measured. 
The APAD converts this pressure signal into audible and visible signals. (b) APAD with the disposable 
extension tube in place, the Tuohy needle connected to one end of the disposable and a 20-ml 
syringe to the other end.
Figure 1 
Figure 2 and 3. 
Figure 4. 
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Figure 2 Example of pressure record with all relevant data of the puncture procedure. 1 = occlusion 
test, 2 = entrance into epidural space (loss of resistance), 3 = control correct catheter placement.
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the extension line, was passed to the anaesthetic nurse to attach it to a syringe pump (with 
a mandatory occlusion alarm set at 900 mmHg). The thin membrane of the disposable was 
connected to the acoustic puncture assist device (Equip Medikey). The nurse activated the 
acoustic puncture assist device and started the pump at an infusion rate of 100 ml.h-1. Figure 
1 shows a diagram of the set-up used in this study. 
The distal end of the disposable was blocked by the anaesthetist with his ⁄her thumb. As the 
pump was set to run, this caused a rise in pressure in the tubing. The acoustic puncture assist 
device measured the pressure and translated this signal into a sound, such that the higher 
the pressure, the higher the pitch tone and vice versa. The device also shows a graph of the 
pressure on the monitor and stores the pressure data on an SD card. A standard printout 
shows all relevant data, including the patient’s identification. An example is shown in Fig. 2. 
When the occlusion led to a clear rise in pitch tone and a visible rise in pressure on the 
monitor, the anaesthetist started with the actual epidural procedure. The anaesthetist con-
nected the 17-G epidural needle (Arrow International, Reading, PA, USA) without a stylet to 
the other end of the extension line, and waited until there was a constant flow of saline at the 
tip of the needle. The anaesthetist then began insertion of the needle towards the epidural 
space with both hands, while focusing on alterations in sound and the tactile sensation of 
resistance to the needle. The moment there was a sudden drop in pitch tone, needle inser-
tion was stopped immediately and the actual pressure level was checked on the monitor. 
When the pressure remained at this level despite a running infusion, it could be concluded 
that the epidural space had been reached. The anaesthetic nurse then stopped the pump.
The disposable tubing was disconnected from the needle and a 19-G epidural catheter 
(single open end-hole; Arrow International) was inserted 3 cm cephalad. The disposable 
tubing was then connected to the epidural catheter and the pump restarted at 100 ml.h-1. 
When the tip of the catheter was in the epidural space, a pressure plateau was seen, indi-
Figure 1 
Figure 2 and 3. 
Figure 4. 
Chapter	7	
Figure 1	
Figure 3 Pressure record of a pregnant woman.1 = occlusion test, 2 = start of epidural puncture, 3 = 
identification of the epidural space (loss of resistance). A = peak pressure just before entering the 
epidural space, B = pressure level with a running pump, once the epidural space has been identified, 
C = pressure level with a running pump after insertion of the epidural catheter, with the disposable 
tubing connected to the catheter.
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cating that there was no further resistance to the flow. The device thus provided objective 
documentation of the puncture procedure, including the correct placement of the catheter. 
After negative aspiration, we gave a test dose of 3 ml Bupivacaine 0.25% with adrenaline 
1:200 000. If there were no adverse events, a bolus dose of 8 ml ropiva caine 0.1% with 
sufentanil 0.75 µg.ml-1 was adminis tered, followed by a continuous infusion (8–12 ml.h-1) of 
the same solution. 
The pressure reading of every puncture procedure was stored and printed. An example 
of such a record in the parturient (Fig. 3) and in the non-parturient (Fig. 4) is shown. For all 
patients the pressure level at three different moments was noted: the peak pressure just 
before identification of the epidural space; the plateau pressure with the tip of the Tuohy 
needle in the epidural space; and the plateau pressure at the tip of the inserted epidural 
catheter. The VAS pain score (0– 10), the complexity of the procedure (simple ⁄normal ⁄ 
difficult ⁄impossible), the usefulness of the acoustic signal (indicative ⁄misleading) and any 
observed com plications were noted. 
The pressure records of all 35 patients were studied. After recruiting this number of 
patients, we had a clear impression that pressures seemed to differ from those in non-
pregnant patients. 
Retrospectively, we compared these records to those of 10 non-pregnant women of 
similar age, who had epidural anaesthesia with the acoustic puncture assist device. These 
records were stored in our database in which patient data are anonymous. 
The number of patients in the control group is rather small. This is because epidural 
anaesthesia is not often indicated for surgery on patients in this particular age group. The 
non-pregnant patients included were scheduled for triple osteotomie of the acetabulum or 
abdominal extirpation of the uterus. All patients were healthy, and all epidural procedures 
were performed in the same way as in the studied population, i.e. in the sitting position. 
Student’s t-test was used to compare data, with p values < 0.05 indicating statistical 
significance.
Figure 1 
Figure 2 and 3. 
Figure 4. 
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Figure 4 Pressure record of a non-pregnant woman. 1 = occlusion test, 2 = start of epidural puncture, 3 
= identification of the epidural space (loss of resistance). A, B and C: see Fig. 3 for explanation.
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results
The characteristics of the studied population and the control group are shown in Table 1. 
All patients in both groups experienced good to excellent pain relief and had no need for 
additional therapy (VAS score ≤ 3). 
For all patients, the complexity of the procedure was scored as simple and the utility of 
the acoustic signal as indicative. One woman in childbirth was given a second puncture at 
a different level. Pressure data and p values are shown in Table 2.
disCussion
In this observational study, all the epidural procedures were successful, resulting in excel-
lent pain relief in all patients. Only one patient needed a second epidural puncture at a dif-
ferent lumbar interspace. Pressure characteristics of the epidural puncture procedure dur-
ing labour seem to differ from those in the non-pregnant population. The lower resistance 
encountered in the ligamentum flavum of pregnant women suggests a weaker ligament 
than that in non pregnant women. The change in hormonal state during the last trimester 
of pregnancy causes weakening of ligaments, and thus probably of the ligamentum flavum 
as well12. 
Furthermore, once the epidural space has been identified, the resistance in pregnant 
women is slightly higher than that in the non-pregnant. This phenom enon can be attributed 
Table 1 Characteristics of pregnant and non-pregnant women undergoing epidural catheterisation. 
Values are mean (SD).
    Pregnant (n=35) Non-pregnant (n=10).
Age; years   31 (4) 32 (11)
Weight; kg   84 (13) 71 (12)
Height; cm   169 (6) 169 (5)
BMI ; kg.m-2   29 (4) 30 (11)
Table 2 Epidural pressures (kPa) in pregnant and non-pregnant women on penetration of the 
ligamentum flavum, after identification of the epidural space with a running pump, and after 
placement of the epidural catheter. Values are mean (SD).
Pregnant Non-pregnant
(n = 35) (n = 10) p value
Penetration of 47.4 (14.7) 59.8 (11.4) 0.014
ligamentum flavum
Entrance into epidural 8.5 (1.2) 7.4 (1.7) 0.037
space
Catheter insertion 25.0 (5.2) 20.7 (2.2) 0.011
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to the fact that during pregnancy, the veins in the epidural space are engorged5. The differ-
ence in pressure felt between the ligamentum flavum and the epidural space in pregnant 
women is thus lower than that in non-pregnant women and this is why the loss of resistance 
is often more difficult to feel in pregnant women. 
Given these difficulties, the use of epidural techni ques for this specific patient popula-
tion should be restricted to experienced anaesthetists. However, we all know that this is not 
always possible, and residents must be trained. It is well established in the literature that 
epidural catheterisation is one of the most difficult skills that has to be mastered during resi-
dency13. It is also known that there is a learning curve14. Particularly for the difficult neuraxial 
block, as is often the case in women in labour, devices have been developed to improve 
results. The Epidrum® and the Episure™ Autodetect™ Syringe, both mechanical devices to 
detect the loss of resistance to air, are probably the best known15, 16. The Compuflo™ is a 
device designed for dentistry for injecting local anaesthetic solution, in a pain-free way. 
During injection, a certain threshold pressure will not be exceeded. The syringe pump 
continuously adapts the flow of saline in a dedicated disposable, connected to a needle, 
to keep the pressure at the tip of the needle at a preset value. When this device is used 
for epidural puncture, the pump will keep pressure during the puncture at a preset level 
and the moment the epidural space is reached, the pressure will suddenly drop. This can 
be seen on the incorpo rated monitor of the device. However, during the puncture, the 
anaesthetist must study the pressure curve and is not able to concentrate at the same time 
on the patient’s back17. 
We feel that the acoustic signal from the acoustic puncture assist device contributed to 
the successful epidural placement during our study, as we feel that reactions are faster with 
audible input, compared with tactile input. Perhaps this is because an auditory stimulus 
only takes 8–10 ms to reach the brain18. Needle insertion is promptly stopped when the 
pitch tone changes and so the occurrence of an accidental dural puncture is diminished. 
The pressure reading provides an objective endpoint of the identification of the epidural 
space and one is no longer restricted to the interpretation of the tactile input alone. More-
over, correct positioning of the epidural catheter may also be checked. Although catheter 
placement may also be checked by X-ray or nerve stimulation, these methods are time 
consuming and not always conclusive19, 20. 
Devices such as our acoustic puncture assist device can be a practical aid for learning 
how to perform epidural techniques, particularly in a difficult situation such as childbirth. 
The acoustic puncture assist device records pressure changes, allows two-handed needle 
handling during the puncture and provides an objec tive endpoint for identification of 
the epidural space and control of correct catheter placement. The digital documentation 
provides the opportunity to evaluate the complete procedure. Documentation is not only 
helpful during the actual procedure. It may be an objective aid in medicolegal situations, 
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to evaluate the procedure and, as in this study, to compare pregnant and non-pregnant 
women.
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introduCtion
Thoracic paravertebral block (TPVB) is an effective peri-operative analgesia technique for 
unilateral surgical procedures1,2. An adequate block has shown improved postoperative 
analgesia and reduced opioïd consumption3. The classic approach in performing TPVB is 
inserting a needle 2,5cm to 4cm lateral to the spinous process of the thoracic vertebra and 
penetrating the superior costotransverse ligament using a loss of resistance technique4,5. 
However, when using this technique, the costo-transverse ligament may be missed due 
to the somewhat indistinct loss of resistance to air or saline, which may result in failure or 
pleural puncture2,6. 
Different methods as nerve stimulation, x- ray or ultrasound guidance and pressure 
measurement have been described to localize the paravertebral space7,8,9. Location of the 
paravertebral space by the objective method of “pressure inversion” improves sensitivity 
and specificity and may lead to an improvement in the success rate of thoracic paraverte-
bral analgesia10. 
Pressure measurement combined with a related acoustic signal in a device, the APAD 
(Acoustic Puncture Assist Device), is successfully used to facilitate epidural punctures11,12,13,14. 
The objective of this study was to evaluate the feasibility and success rate of the of the 
APAD for localizing the paravertebral space.
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materials and metHods
After obtaining institutional review board’s approval and written informed consent, 25 fe-
male patients (ASA status 1-3) scheduled for unilateral breast cancer surgery with a thoracic 
paravertebral block were enrolled in this prospective study. 
Inclusion criteria were ages 18 years of older, but not older than 85 years and American 
Society of Anesthesiologists physical status I to III. 
Exclusion criteria were patient refusal for TPVB, inability to obtain informed consent, 
coagulation disorders, neuropathy, severe pulmonary and cardiac disorders, pregnancy, 
skin lesions at the puncture site and allergy to local anaesthetics. 
Technique of Anesthesia 
Routine monitoring (pulse oximetry, electrocardiogram and noninvasive blood pressure 
cuff) were applied. Intravenous access was obtained on the contralateral side of the surgi-
cal procedure. Patients were IV administered 1 or 2 mg midazolam on request as needed 
for block procedural sedation. 
The paravertebral puncture was performed under full aseptic conditions with the patient 
in sitting position. 
The disposable tubing system of the APAD (Equip Medikey, Gouda, The Netherlands) 
was prepared as previously described14 and connected to the syringe pump and acoustic 
puncture assist device. A schematic representation of the APAD set up is shown in figure 1. 
A picture of the APAD with the disposable tubing system connected is shown in figure 2. 
The pump was started at an infusion rate of 100 ml.h1. The system set-up was checked by 
blocking the distal end of the disposable tubing system. The subsequent rise in pressure 
in the system is measured and translated into a sound signal. The higher the pressure, 
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Figure	4	
Figure 1: schematic representation APAD set up
1. Syringepump 2. 20 ml syringe filled with saline 3. extension line 4. Pressure transducer connected 
to the APAD 5. The APAD 6. Tuohy needle
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the higher the tone. The pressure rise is displayed on the screen of the APAD, while the 
obtained data are recorded. 
After removing the stylet in the 17-gauge Tuohy needle (Arrow International, Reading, PA, 
USA) the distal end of disposable tubing system was connected and free flow of saline at 
the tip of the Tuohy needle was observed. As proposed by Eason and Wyatt, the paraverte-
bral block was performed 3,5 cm from the anatomical midline at the level of the cephalad 
end of the spinous process of T44. The needle was advanced perpendicular to the skin to 
strike the transverse process or the head of the rib.
While keeping the needle with both hands, the needle was slowly advanced towards 
the transverse process, while the tactile sensation of resistance of the needle and acoustic 
signal of the APAD was observed. 
The depth at which contact was made with the transverse process was noted. This 
needle-bone contact was accompanied with a high frequency pitch tone of the APAD. 
Then the needle was withdrawn 1-2 cm and redirected more cephalad and advanced. 
The moment there was a drop in pitch tone, needle insertion was stopped. It was noted 
whether this drop accompanied the feeling of loss of resistance and the actual pressure 
level was checked on the display of the APAD. When no or only a slight increase in pressure 
was observed while the syringe pump was still running, it was assumed that the needle was 
in the paravertebral space. The distance of the needle tip beyond the transverse process 
was documented. 
The syringe pump was stopped and the disposable tubing disconnected from the needle. 
A 19- gauge catheter (Arrow International, Reading, PA, USA) was threaded for 3cm. 
Hereafter the distal end of the tubing was reconnected to the catheter and the pump 
was restarted at 100 ml/hr. A pressure curve was obtained by the APAD. An initial rise 
of pressure, due to the small diameter of the catheter, with a subsequent stabilization of 
!
!
!
Figure 2: Acoustic Puncture Assist Device with disposable connected
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pressure was considered as proof for correct paravertebral catheter position. Then 15 mg 
Bupivacaine with epinephrine 1:200 000 was slowly injected through the catheter after 
negative aspiration. If no adverse events occurred, an additional 12 – 15 ml Bupivacaine 
0,5% was injected in aliquots of 3 ml. 
The following data were obtained during block performance; skin-transverse process 
distance, transverse process–paravertebral space distance, tactile sensation of the costo-
transverse ligament, occurrence of paraesthesias, and ease of catheter threading. 
Complications were noted. 
An independent observer evaluated the sensory spread of the block by loss of cold 
sensation to ice in the sensory distribution of the ipsilateral and contralateral vertebral 
dermatomes using Keegan and Garrett’s dermatome 30 minutes after block performance. 
A successful block was defined as loss of cold sensation in at least 4 dermatomes.
Statistics
Data are presented as mean (SD), unless otherwise stated. Data were analyzed by using 
Graph Pad Prsim version 5.01 for Windows (GraphPad Software, San Diego, California).
results
Twenty-five women undergoing elective unilateral breast surgery were studied. Patient 
demographics are summarized in table 1.  In all patients contact with the transverse process 
showed an increase in tone pitch at an average depth of 3,7 cm. When passing over the 
transverse process the pressure and pitch tone slightly decrased, but when the proposed 
paravertebral space was encountered in all women a pressure drop and decrease in tone 
pitch was observed at a mean depth of 5,2cm. A tactile sensation of piercing the costo-
transverse ligament was felt in 24% of the studied patients. Slight paresthesias occurred 
in two patients on insertion of the catheter, but the procedure was proceeded without 
complications (table 2). 
Table 1: Patients demographics
Age (yrs) 64 (35-85) (SD)
Height (cm) 164 (155-176) (SD)
Weight (kg) 74 (53-109) (SD)
BMI kg/m2 27,3 (20.7-41,5) (SD)
data are presented as mean (min-max) (SD)
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Catheter insertion at first attempt occurred in 20 (80%) of the patients. A second punc-
ture at T5 was necessary in three patients and in two patients the catheter was successfully 
threaded through the needle 0,5cm more lateral than the original insertion site. 
A successful sensory block, defined as loss of sensation to cold of at least 4 dermatomes 
was obtained in 24 patients. The median cranial block height was at dermatomal level Th1 
(C8¬Th3), the caudal block height at level Th9 (Th7-Th11). 
In one patient, sensory block was restricted to the dermatome Th4. An intercostal cath-
eter spread was suspected and the catheter was withdrawn two cm. After the injection of 
two times 3 ml Bupivacaine 0,5% a successful sensory block was obtained. In two patients 
epidural spread occurred. 
None of the patients had clinical signs of a pneumothorax. No local anesthetic toxicity, 
nerve injury, hematoma or infection was observed.
disCussion
In this study, the APAD was a useful tool for detecting the paravertebral space and obtaining 
a successful paravertebal block. Unlike epidural space location where a definite give is felt 
when the needle tip traverses the firm ligamentum flavum, thoracic paravertebral space 
location using loss of resistance is subjective and indefinite1. In our study the penetration 
of the thin superior costo-transverse ligament and loss of resistance when passing the liga-
ment was only felt in 24 % of the patients. However, in all patients a clear drop in tone pitch 
was observed 1-2,5cm beyond the transverse process, which resembles the pressure drop 
when the costo-transverse ligament is passed. This supports the assumption that the sense 
of hearing may be more accurate than the sense of touch15. 
Pressure measurement for detecting the thoracic paravertebral space is not new. 
Richardson et all observed that the pressure in erector spinae muscles and paravertebral 
space increased during expiration and decreased during inspiration. When the needle is 
advanced beyond muscle there is a sudden lowering of pressure and a pressure inversion 
occurs due to the transmission of increased subatmospheric intrapleural pressure on 
inspiration. This pressure inversion proved to be an objective and reproducible method 
of location of the paravertebral space10. Negative pressure during in and expiration may 
indicate interpleural placement16. 
Table 2: APAD-assisted procedure characteristics
Skin to transverse process (cm) 3,7 (2-4,5) (SD)
Skin to paravertebral space (cm) 5,2 (4-7,5) (SD)
Tactile sensation costo-transverse ligament 24%
Paresthesias on catheter insertion 8%
(data are presented as mean (min-max (SD) or percentages)
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By using a running infusion pump during pressure measurement, obstruction of the 
needle is prevented and differences in pressure measurements between tissues are exag-
gerated. The pressure information obtained on the tip of the needle is translated into an 
acoustic and visual signal. In all patients the clear decrease in tone pitch was observed. 
However, on first attempt, catheteter insertion succeeded only in 80% of our patients. This 
is commonly encountered during catheter insertion for continuous paravertebral block 
and may require manipulation of the needle or injection of saline to create a saline filled 
cavity before passing a catheter. Very easy passage may indicate interpleural placement1. 
Continued pressure measurements through the catheter may confirm the appropriate 
catheter tip position. Pressure variations caused by in and expiration will be displayed10. 
A typical pressure curve of a paravertebral block using APAD guidance is shown in Figure 
3 and Figure 4 shows an example of an APAD-guided epidural puncture. The pressure be-
fore traversing the superior costotransverse ligament for paravertebral block is lower than 
the pressure before traversing the ligamentum flavum in epidural block (C in figure 3 and 4). 
Moreover the pressure in the paravertebral space is higher than the pressure in the epidural 
space (E in Figure 3 and 4). 
The resulting smaller pressure difference between costo-transverse ligament and para-
vertebral space compared to the pressure difference between ligamentum flavum and 
1
2
3 6
5
4
 
Figure 2. 
	
 
Figure 3 
	
Figure	4	
Figure 3. Pressure curve during the performance of a paravertebral block using APAD guidance.
A: pressure rise caused by needle tip occlusion during system check. B: pressure in the erector spinae 
muscle, with rise in pressure when the transverse process is encountered. C: pressure just before 
traversing the costo-transverse ligament. D: paravertebral space pressure with pressure variations 
caused by respiration. E: through the catheter a higher paravertebral pressure is measured due to the 
smaller diameter of the catheter. The pressure variations are caused by in and expiration.)
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epidural space may be an explanation for the more indistinct loss of resistance to air or 
saline when performing paravertebral compared to epidural block. 
The APAD may be used in the training of residents in anesthesiology. The acoustic signal 
and visualization of the pressure curve on the display of the APAD gives the supervisor 
additional tools to observe and supervise the puncture procedure. Moreover, the pressure 
curve can be documented and be used for teaching moments and medico legal reasons. 
This study has several limitations. First, all paravertebral blocks are performed in one hospi-
tal by one anesthesiologist with extensive experience with the APAD technique. Second, only 
a limited number of patients without a control group have been examined. Therefore it is too 
early to draw conclusions regarding the safety of this technique compared to the conven-
tional approaches. Third, indirect means, as pressure measurements and block success, were 
used to prove that the paravertebral space was located using the APAD. X-ray screening and 
contrast injection would have been a more objective method of proving the paravertebral 
space was reached. Moreover the radiopaque dye spreading pattern may more accurately 
indicate whether the posterior compartment (cloud-like spread) or the anterior compart-
ment (longitudinal spread) of the thoracic paravertebral space is located using the APAD17. 
In conclusion: this study demonstrated that an APAD-guided thoracic paravertebral 
block is feasible and has a high success rate. Pressure curves obtained during the block 
procedure provide additional acoustic and visual information which may facilitate the 
paravertebral block procedure.
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Illustration 1. 
Figure 1. 
Figure 2. Case 1. 
Figure 4. Pressure curve of an acoustic guided epidural puncture
A: pressure rise caused by needle tip occlusion during system check. B: start of epidural puncture.  
C: pressure while traversing the flavum ligament. D: pressure with needle tip in the epidural space.  
E: pressure during epidural catheter control
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Chapter 8
Pressure recordings during epidural 
catheterization with the Acoustic Puncture 
Assist Device
T. Lechner
introduCtion
The Acoustic Puncture Assist Device (Illustration 1) is a “loss of resistance” device and can 
be used to identify the epidural space. Other techniques to identify the epidural space 
include the conventional “ loss of resistance” technique or the “ hanging drop” technique. 
The APAD combines the advantages of both and also allows documentation of the punc-
ture procedure and subsequent catheter placement. This documentation may be used to 
evaluate how the epidural puncture and catheterization were performed. Moreover the 
documentation may be added to the anaesthesia record for medico-legal purposes.!
!
!
Illustration 1: The Acoustic Puncture Assist Device with the disposable extension line, filled with 
sterile saline, connected to it. The extension line is placed in between the needle and the syringe.
The APAD monitors changes in pressure in the disposable extension line encountered dur-
ing insertion of the epidural needle. The disposable extension line is flushed, using a 20 ml 
syringe, with sterile saline and connected to the epidural needle. 
The syringe is placed in an infusion device, which is activated at a flow of 100 ml/hour. The 
moment the epidural needle is inserted in the body this constant flow will meet changes in 
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resistance offered by the varying tissues the needle point is passing through. These changes 
in resistance will result in corresponding changes in pressure in the extension line. 
The pressure is indicated on the monitor, as well as by changes in pitch tone: the greater the 
resistance the higher the pitch tone and vice versa. 
The device also digitally stores the pressure. 
This chapter discusses the APAD pressure record, and how to read it. 
In most patients the pressure changes follow a typical pattern. Figure 1 shows such a typical 
pressure record of a routine epidural puncture and catheterization procedure performed 
with the APAD. 
In addition to patient identification and the date, time and duration of the puncture pro-
cedure, the graph portion of a complete pressure record should include at least 4 standard 
elements, indicated by the capital letters A,B, C, and D on Figure 1 as follows: 
A: Occlusion test
A rise in pressure followed by a fall in pressure back to base-line value. This pressure peak is 
a result of the occlusion test. Before starting the actual puncture procedure, the device must 
be tested for proper functioning. For this reason the disposable extension line is manually 
obstructed, while the pump is activated at a flow of 100 ml/hr. The obstruction should lead 
to an audible rise in pitch tone as well as a rise in pressure visible on the monitor. If the 
occlusion test is successful one can begin the actual puncture by connecting the needle to 
the disposable and waiting until there is a constant fluid drip at the tip of the needle.
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Illustration 1. 
Figure 1. 
Figure 2. Case 1. Figure 1: A typical APAD pressure record.
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B: Identif ication of the epidural space by detection of loss of 
resistance
After the start of the needle insertion another rise in pressure will occur caused by the 
resistance of the tissues to the constant flow of the saline solution. The resistance will be 
most pronounced in the flavum ligament followed by a sudden fall in pressure the moment 
the needle tip reaches the epidural space.
C: A decline in pressure level indicating that the needle tip is in the 
epidural space
Whenever the pressure level ceases to rise while the pump is on one can conclude that the 
epidural space has been reached. The pressure level will normally fluctuate around 8 kPa.
D: Control of catheter placement
After identification of the epidural space, the disposable is disconnected from the needle.
The epidural catheter is inserted and the disposable, with the pump still activated, is con-
nected to the catheter. Due to the length and small diameter of the epidural catheter, there 
will be an initial rise in pressure (resistance to the flow), but when the tip of the catheter is in 
free (epidural) space, the pressure record will show a plateau in pressure, indicating that there 
is no further outflow resistance to the saline. This plateau pressure fluctuates around 20 kPa. 
This chapter discusses several pressure records from various non-typical puncture proce-
dures. Aberrations will be explained. 
The capital letters A, B, C and D in all of the figures refer to the elements described for Figure 1. 
In all of the cases the midline approach was used to perform the epidural puncture.
Case 1
A female patient (height 172cm, weight 78kg) was scheduled for a total hip replacement 
under epidural anaesthesia. The L2-L3 vertebral interspace space was chosen for needle 
insertion. The pressure record is shown in Figure 2. The epidural space was correctly identi-
fied at a depth of 5cm (B). After catheter insertion and reconnection of the APAD to the 
epidural catheter an unusual high pressure plateau was obtained(D). Therefore it was de-
cided to withdraw the catheter and repeat the procedure. Then a pressure record with an 
expected plateau pressure was obtained (D, red arrow). This example shows that whenever 
you are in doubt about the correct catheter position, withdraw the catheter and repeat the 
epidural insertion procedure.
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Figure 3. Case 2. 
Figure 4. Case 3. 
Figure 5. Case 4. 
Figure 2: Exceptionally high plateau pressure.
Case 2
A female patient (height 170cm, weight 75kg) was scheduled for a total knee replacement 
under epidural anaesthesia at L2-L3. Physical examination had revealed a serious lumbar 
scoliosis. Figure 3 shows the pressure recordings during the epidural catheterization 
procedure. The epidural space was encountered after 5,5cm from the skin and was ac-
companied by a pressure drop and drop in pitch tone (B). The needle was kept in place and 
the pressure recording observed. An unusually high epidural pressure was measured (C). 
Therefore it was decided to perform a second puncture. The second puncture showed the 
same typical pattern with a high pressure level in the epidural space (C, red). After catheter 
placement a high plateau pressure was recorded (D, red), most probably due to resistance 
to the saline solution uotflow caused by the scoliosis. The epidural analgesia was effective.
Figure 3. Case 2. 
Figure 4. Case 3. 
Figure 5. Case 4. 
Figure 3: Exceptionally high epidural pressure.
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Case 3
A male patient (height 163cm, weight 74kg) was scheduled for a thoracotomy. For post-
operative analgesia an epidural catheter was placed at the Th3 – Th4 vertebral interspace. 
The first pressure peak observed is the result of the occlusion test (A). The second pressure 
peak (red arrow) was the result of the needle contacting bone several times (note that 
withdrawal of the needle after contact with bone results in a pressure drop). After needle 
redirection a gradual increase in pressure is observed and a steep pressure increase when 
the needle is in the ligamentum flavum followed by a drop in pressure when the epidural 
space was encountered (B).
Figure 3. Case 2. 
Figure 4. Case 3. 
Figure 5. Case 4. Figure 4: Contact with bone.
Case 4
A male patient (height 187cm, weight 92kg) was scheduled for a total knee arthroplasty. For 
postoperative analgesia an epidural catheter was placed at level L2-L3. After the occlusion 
test (A) a high pressure peak was observed the moment contact with bone was made during 
needle insertion. The needle was withdrawn slightly, which resulted in a pressure drop and 
then redirected (red arrows). Thereafter the needle was advanced again and an increase 
in pressure observed, almost immediately followed by a pressure drop (B). Because the 
pressure did not rise again it was decided that the epidural space was reached (C).
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Figure 6. Case 5. 
Figure 7. Case 6. 
Figure 8. Case 7. 
Figure 5: Redirection of th  needle just before identification of the epidural space.
Case 5
A female patient (height 170cm, weight 62kg), was scheduled for a total hip replacement. 
Her medical history showed a lumbar spondylodesis operation performed 15 years earlier. 
The epidural puncture was at level L2-L3 and the epidural space was encountered at 6 cm 
from the skin (B). The needle insertion was stopped and a pressure rise was observed with 
a running pump which was interpreted as outflow resistance of the saline solution (C, red 
arrow). This may be due to scarring or adhesive tissue in the epidural space after the lumbar 
spine surgery. The outflow resistance was also observed after connection of the epidural 
catheter to the APAD (D).
Figure 6. ase 5. 
Figure 7. Case 6. 
Figure 8. Case 7. 
Figure 6: Rise in pressure in the epidural space.
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Case 6
A female patient (height 161cm, weight 59kg) was scheduled for a total hip replacement. 
The epidural puncture was performed at the L2-L3 vertebral interspace. The epidural space 
was encountered after 6 cm below the skin (B). The epidural catheter was inserted 6 cm fur-
ther than the needle tip and connected to the APAD. A high plateau pressure was observed 
( D, red arrow). This outflow resistance was possibly caused by threading of the catheter in 
the foramen intervertebralis. The catheter was withdraw a couple of centimetres resulting 
in a normal pressure plateau (D).
Figure 6. Case 5. 
Figure 7. Case 6. 
Figure 8. Case 7. Figure 7: Withdrawal of the c theter.
Case 7
A pregnant patient (height 165cm, weight 67kg) requested epidural analgesia during labour. 
The epidural puncture was performed at the L2-L3 vertebral interspace and the epidural 
space encountered 4cm from the skin. Figure 8 represents a typical pressure record for 
pregnant patients. The pressure rise in the ligamentum flavum (B) is less pronounced 
compared to the non-pregnant population. However the pressure in the epidural space is 
higher due to engorgement of veins in the epidural space (C, red). Also a higher pressure 
plateau is usually observed after epidural catheter insertion ( D, red).
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Figure 9. Case 8. 
Figure 10. Case 9. 
Figure 11. Case 10. 
Figure 8: Pressure record of a pregnant woman.
Case 8
A female patient was scheduled for a thoracotomy (height 159cm, weight 58kg). The epidural 
needle was inserted at the Th2-Th3 vertebral interspace. The epidural space was encountered 
at a distance of 4cm from the skin. During the epidural puncture almost no changes in pitch 
tone were observed during needle insertion. However there was a distinct drop in pitch, 
indicating that the epidural space might have been reached (B). With the pump still running, 
the pressure could not be restored so it was decided that the epidural space was reached 
(C). An epidural catheter was successfully inserted. A plateau pressure was observed after 
catheter connection to the APAD (D). There is almost no pressure generated in the trajectory 
from skin to epidural space. Yet there is this sudden drop of pressure, indicating the epidural 
space has been reached (B). This pressure record may suggest the presence of a ligamentum 
flavum midline gap. One can imagine an accidental spinal tap may occur with this minimal 
pressure drop when the conventional loss of resistance technique is used.
Figure 9. Case 8. 
Figure 10. Case 9. 
Figure 11. Case 10. 
Figure 9: Midline gap in the ligam ntum flavum.
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Case 9
A male patient (height 159cm, weight 58kg) was scheduled for a total knee replacement. 
The epidural needle was inserted at the L2-L3 vertebral interspace, and the epidural space 
was encountered at a depth of 6cm from the skin. The pressure record shows a sudden 
drop in pressure shortly after insertion of the epidural needle (red arrow). The needle inser-
tion was stopped but the infusion of fluid by the pump continued at a rate of 100 ml/hour. 
A steady, but slow rise in pressure was observed. Based on this observation, it was decided 
that the epidural space had not been reached. The needle insertion was continued until a 
rise in pressure with subsequent pressure drop was observed (B). This pressure recording 
may have been caused by an cyst in the interspinal ligament. Such a cyst might have led to 
a failed epidural catheterization if the conventional loss of resistance technique had been 
used.
Figure 9. Case 8. 
Figure 10. Case 9. 
Figure 11. Case 10. Figure 10: Cyst in the int rspinal ligament.
Case 10
A female patient (height 165cm, weight 85kg) was scheduled for a total knee replacement. 
The epidural needle was inserted at the L4-L5 vertebral interspace. Passage between the 
spinous processes was difficult and multiple bone contacts were made (small black arrows). 
The operator suspected that the APAD was not functioning properly and disconnected the 
extension line from the needle (red arrows). When no liquor was observed and no loss of 
resistance using the conventional loss of resistance technique with saline was detected, the 
needle was reconnected to the APAD and needle insertion restarted. The typical pressure 
recording was obtained and the epidural space identified (B). The lower pressures after 
reconnection of the APAD are due to air entering into the tubing during disconnection. 
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Since air in contrast to fluid is compressible, air compression in the tubing dampens pres-
sure changes.
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Figure 1. 
Figure 11: Disconnection of the disposable from the needle during the puncture procedure.
ConClusion
Different pressure records may be obtained when using the APAD. Always perform an 
occlusion test in order to confirm that the APAD is working properly. Stop inserting the 
needle instantly the moment a drop in tone pitch is observed and subsequently examine 
the pressure record on the monitor. Keep the infusion pump running and observe whether 
a plateau pressure is achieved. If the pressure rises, the epidural space has not yet been 
detected and the epidural needle should be reinserted or the needle insertion should be 
continued ( there are exceptions, for instance case 5 described in this chapter). After detec-
tion of the epidural space insert the catheter and observe the pressure recordings again. 
Preferably do not disconnect the disposable during needle insertion (case 10).
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The use of an acoustic device to identify the 
extradural space in standing horses
Isabelle Iff1, Martina Mosing1, Timo Lechner2, & Yves Moens1
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Department for Small Animals and Horses, University of Veterinary Medicine, 
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abstr aCt
Objective To determine the usefulness of an acoustic device to confirm correct placement 
of extradural needles in horses.
Study design Prospective experimental study.
Animals Twelve adult healthy horses weighing between 434 and 640 kg.
Materials and methods Horses were sedated, placed in stocks and subjected to caudal ex-
tradural anaesthesia using lidocaine 2%. For extradural puncture an 18 gauge Tuohy needle 
connected to an acoustic device via an electronic pressure transducer was used. This 
device allowed recording of the extradural pressure profile and the transformation of pres-
sure changes into an audible signal. Extradural needle advancement was stopped and the 
local anaesthetic administered when either a sharp decrease in sound pitch occurred or a 
‘pop’ sensation was felt. Correct needle placement was assessed clinically by the degree of 
extradural anaesthesia present using needle prick stimuli, loss of tail tone and occurrence 
of localized sweating. Descriptive statistical analysis was used for evaluation of the data.
Results Extradural anaesthesia was successful in nine of 12 horses. In these horses during 
extradural needle advancement the pitch of the audible signal first increased and abruptly 
changed to a constant
low pitched sound. In the three horses with unsuccessful punctures only a slight decrease 
of the pitch was noted. A ‘pop’ was clearly distinguished in five of nine horses with success-
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ful extradural puncture. In four horses a ‘pop’ was not present despite correct extradural 
needle placement. In three horses with incorrect needle placement a ‘pop’ was present. 
In the horses with correct needle positioning the median extradural pressure after the 
puncture was -0.8 kPa (-6 mmHg).
Conclusion and clinical relevance The acoustic device is useful to assist in the identification 
of successful or unsuccessful extradural needle placement in the horse.
introduCtion
Effective pain relief in horses is important, not only for humane reasons but also to decrease 
the stress response, promote ambulation and, in orthopedic pain, minimize contralateral 
limb laminitis. The use of extradural analgesia has produced a beneficial impact on equine 
analgesia in the last 5 to 10 years1. Agents such as local anaesthetics, α2-adrenoceptor-
agonists, opioids and ketamine have been used extradurally in horses and provide anaes-
thesia and analgesia with minimal side effects2,3,4,5. Confirmation of correct placement of 
the extradural needle is of uttermost importance, but can be difficult. Difficulties can arise 
from using the wrong angle of needle insertion or due to deviation from the midline, and 
are often due to obesity, muscle mass or size of the animal4,5. Reported a failure rate for 
extradural anaesthesia of 50% in horses in a study that used the loss of resistance technique 
followed by a lateral radiographic view to confirm the correct anatomical location of the 
extradural needle. Traditionally, correct extradural puncture is confirmed by aspiration of 
a fluid drop (hanging drop) from the needle hub or by lack of resistance when injecting 
saline, air or the extradural medication. Recently the use of extradural pressure waves to 
confirm correct extradural puncture has been evaluated in horses, with disappointing 
results6. In the medical literature the use of an acoustic device has been described, which 
allows the anaesthetist to detect a pressure drop by means of an audible signal when the 
ligamentum flavum is perforated7,8,9. 
The aim of this current study was to document the usefulness of an acoustic device to 
identify whether or not the the extradural space had been entered in horses.
materials and metHods
Animals
Twelve Standardbred horses, were included in this trial. They were considered healthy 
based on clinical examination and normal blood haematology and biochemistry values. 
The study procedure was approved by the institutional ethics committee of the Veterinary 
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University Vienna and had governmental approval (GZ 68.205/222-BrGT/2006). The 
horses were placed in stocks, a 12 gauge catheter (Intraflon2; Vygon GmbH, Germany) was 
introduced into a jugular vein. The horses then were sedated with detomidine 10 µg.kg1 
(Domosedan, Pfizer, Austria) intravenously given over 1 minute.
Acoustic device
To assist in detection of the extradural space an acoustic device similar to the one employed 
by Lechner et al. was used7,8,9. The extradural needle was attached to a nondistensible pres-
sure line. The pressure line was flushed with saline, connected to a calibrated electronic 
pressure transducer (Edwards TruWave; Edwards Lifesciences Austria GmbH, Austria) and, 
via a three-way tap, to a 50 mL syringe containing sterile saline. The syringe was placed in a 
volumetric pump (Graseby 3400; SIMS Graseby, UK) delivering 100 mL minute-1 of saline. 
The changes in pressure were converted to an electronic signal by the pressure transducer. 
This signal was then amplified and converted by a microprocessor to produce an auditory 
signal from a loudspeaker. An increase in pressure produced an increase in the frequency 
of the acoustic signal which is perceived as a higher pitched sound. A serial interface 
enabled communication between the microprocessor and a computer. Custom made 
software allowed display of the pressure profile on the computer screen and was used to 
program the voltage-frequency settings of the microprocessor. The settings of the system 
were chosen in order for a voltage of 0.5 V to produce a sound frequency of 10 Hz, while 
2.56 V produced 5000 Hz. The pressure transducer was zeroed once during assembly of 
the device. A schematic representation of the acoustic device is shown in Fig. 1.Chapter	9
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Figure 1. 
Figure 1 Schematic representation of the acoustic device used to assist extradural puncture. RS 232: 
Serial connection to the laptop computer.
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Extradural anaesthesia
The skin at the level of the interspace between the first and the second coccygeal vertebrae 
was aseptically prepared ready for extradural injection. The injection site was identified 
by raising and lowering the tail to identify the first moveable coccygeal articulation5. This 
site was infiltrated locally with 3 mL procaine hydrochloride 2% (Procainhydrochloride 2%, 
VMD nv/sa, Belgium). An 18 gauge, 80 mm Tuohy needle  (Perican; Braun, Germany) was 
connected to the acoustic device. A small stab incision through the skin was made, then the 
Tuohy needle was slowly inserted. Needle advancement was stopped when either a sharp 
decrease in sound frequency occurred or a ‘pop’ sensation was felt by the anaesthetist. 
Lidocaïne 2% (Xylanest purum 2%; Gebro Pharma GmbH, Austria) 0.25 mg kg-1 then was 
injected through the needle at a rate of 1 mL per 10 seconds.
Data collection and analysis
The pressure data were recorded with a frequency of 10 Hz on a laptop computer using 
purpose-designed software. The magnitude of the pressure drop, when penetrating the 
extradural space was calculated from the recorded data. The presence or absence of a 
sudden change in pitch of the acoustic signal as well as the presence or absence of a ‘pop’ 
during extradural needle placement were recorded. The depth of needle insertion was 
noted. A clinical assessment performed 20 minutes after withdrawing the needle, was used 
to score the extradural anaesthesia as ‘successful’ or ‘unsuccessful’. The recorded clinical 
parameters used for this assessment consisted of reaction to needle prick stimuli applied 
on the left and right side of the tail root and loss of tail tone. The occurrence of localized 
sweating and the side on which it occurred were recorded. The needle prick stimulation 
consisted of a 20 gauge hypodermic needle inserted until a response (flinch, kick, jump) 
was observed. A maximal insertion depth of 1 cm was used. The response obtained at the 
perineal region was compared to the reaction to the same stimuli in the flank region. If 
there was no response to needle prick in the flank the assessment was repeated at ten 
minute intervals. Any adverse reactions during the study period were recorded. Descriptive 
statistics were used for evaluation of the data. Body weight and depth of extradural needle 
insertion are reported as mean ± SD. All other results are reported as median and range.
results
The mean body weight of the horses was 537 ± 63 kg. Extradural anaesthesia was successful 
in nine of 12 horses by clinical evaluation. During needle advancement the pitch of the sig-
nal increased initially in all horses. In the nine horses with successful extradural anaesthesia, 
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this was followed by a sharp decrease in frequency and a constant low pitched sound of the 
acoustic signal. The constant low pitched sound was of the same quality as the sound emit-
ted by the device before penetration of the skin. In the three unsuccessful punctures only 
a slight decrease of the pitch was noted and the sound frequency did not drop to the level 
it had before penetrating the skin. A ‘pop’ was clearly distinguished in five of nine horses 
with successful extradural puncture. In four horses a ‘pop’ was not present despite correct 
extradural needle placement (false negative), whereas in all three horses with incorrect 
needle placement a ‘pop’ was noted (false positive). In the nine horses with correct needle 
positioning the median pressure drop was 18.3 kPa (137 mmHg), and ranged from 32.1 kPa 
(241 mmHg) to 10.5 kPa (79 mmHg). The changes in pressure as well as the pressure after the 
Table 1 Summary of the pressure before the ‘pop’ sensation; pressure decrease (before minus after 
‘pop’); the pressure after the decrease; success of extradural anaesthesia in each individual horse. 
Unsuccessful punctures are shaded in grey
horse Pressure before ‘pop’ pressure decrease pressure after ’pop’ extradural
kPa (mmHg) kPa (mmHg) kPa (mmHg) anaesthesia
1 37.3 (280) 22.0 (165) 15.3 (115) no
2 18.7 (140) 20.0 (150) -1.3 (-10) yes
3 10.0 (75) 10.5  (79) -0.5  (-4) yes
4 14.3 (108) 17.0 (128) -2.7 (-20) yes
5 22.3 (167) 20.4 (153) 1.9  (14) yes
6 18.9 (142) 14.1 (106) 4.8  (36) no
7 15.0 (112) 8.7  (65) 6.3  (47) no
8 14.0 (105) 14.4 (108) -0.4  (-3) yes
9 26.1 (196) 25.2 (189) 0.9  (7) yes
10 31.3 (235) 32.1 (241) -0.8  (-6) yes
11 16.0 (120) 18.3 (137) -2.3 (-17) yes
12 13.9 (104) 15.9 (119) -2.0 (-15) yes
Chapter	9
Figure 1. 
Figure 2. 
Chapter	11.
Figure 1. 
Figure 2 Pressure profile of a horse with a successful extradural puncture (left) and a horse with 
unsuccessful extradural puncture (right). 1 mmHg = 0.133 kPa. The pressure increases (black arrows) 
as the needle penetrates the tissue and shows peaks (white arrows) when the needle hits bone and is 
withdrawn and redirected. A clear pressure drop (grey arrow) can be distinguished in the successful 
puncture whereas only a slight drop (striped arrow) in pressure is seen in the pressure trace of the 
unsuccessful puncture.
Chapter 9
114
distinct decrease are shown in Table 1. The pressure profiles of one horse with a successful 
and of one horse with an unsuccessful puncture are displayed in Fig. 2.
The depth of needle insertion was 7.2 ± 1.2 cm in the successful and 4.5 (n = 1) and 7 cm 
(n =2) in the three unsuccessful extradural punctures. Localized sweating was seen in five of 
the nine horses with successful extradural anaesthesia. Two animals showed clear clinical 
signs (sweating and response to pinprick) of unilateral extradural drug distribution. Three 
animals displayed muscle fasciculations of the triceps and gluteal muscles at 60 to 90 
minutes following successful extradural drug administration. No other adverse reactions 
were recorded throughout the study period.
disCussion
In the horses presented in this study, a sharp decrease in sound pitch indicated a successful 
penetration of the ligamentum flavum and correct positioning of the needle tip. Success 
rate of extradural puncture in humans is between 61.5% and 98.7%10,11. The rate of success 
is influenced by patient positioning, quality of the patient’s anatomical landmarks and the 
level of experience11. Extradural anaesthesia generally is performed in horses in the standing 
position and in the authors’ experience even distribution of the weight in the hindlimbs 
makes identification of the extradural space easier. 
In veterinary medicine the quality of anatomical landmarks is dependent on species. In 
horses a success rate of 50% using the loss of resistance technique and a lateral radiograph 
to confirm correct extradural needle position was found4. In goats extradural anaesthesia 
performed by students using lack of resistance to injection of air had a success rate of 88%12. 
In dogs success rates between 84% and 95% have been reported using the ‘lack of resis-
tance test’, extradural pressure waves or electrical stimulation6,14,15. 
Various techniques and devices have been used to aid correct needle positioning in the 
extradural space. In dogs the success rate increased from 45% to 95%, when nerve stimula-
tion was used to confirm extradural needle placement in anaesthetized dogs instead of 
relying on ‘lack of resistance’ and the ‘pop’14. The use of nerve stimulation has not been 
described in the horse to detect the extradural space. Horses usually are awake or sedated 
for extradural anaesthesia. Muscle contractions and the possibility for pain through nerve 
stimulation present concerns with this method in the equine patient. Correct extradural 
needle placement may be confirmed by contrast radiograpy in dogs and goats15,16, but pel-
vic radiography in horses is technically challenging. Inadequate perineal anaesthesia has 
been used as a sign of incorrect needle placement in horses4. In this current study simple 
needle prick stimuli were used to demonstrate analgesia and loss of tail tone was used as 
an indication of loss of motor tone to the area. 
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Extradural pressure is sub-atmospheric in most horses6. In the study presented here, 
median pressure after penetration of the extradural space was -0.8 kPa. The acoustic device 
uses a sudden decrease in pressure reflected in a change in pitch to detect entry into the 
extradural space7,8,9. The pressure drop was similar in the horses with successful versus 
unsuccessful extradural puncture in this study. However, a constant low pitched sound, 
of similar quality as the sound emitted before the needle penetrated the skin, emitted by 
the device after the sudden drop was identified in all horses with successful needle place-
ment. In human patients, 5 of 60 patients had an initial decrease in tone pitch, although 
it was described as ‘not the typical one’ by the authors8. The concurrent pressure trace 
revealed a slowly increasing plateau after the sudden drop. In these five patients needle 
advancement was continued and extradural puncture was successful8. Therefore, not only 
the sudden change in the pitch of the acoustic device, but also the constant low pitched 
sound with the quality of the sound audible before the extradural needle penetrates the 
skin, are important for accurate detection of the extradural space. Extradural anaesthesia 
was not successful in three horses, although a ‘pop’ sensation was thought to represent 
the penetration of the ligamentum flavum. However, the acoustic signal decreased only 
slightly in these cases, and this differed markedly from the sudden change of pitch that 
occurred with successful cases. In humans and dogs false positive ‘pop’ sensation or lack 
of resistance has been attributed to the existence of loose connective tissue around the 
extradural space or the degeneration of the interspinous ligament with cavity formation17,18. 
The acoustic device used in the present study uses a constant infusion of saline, possibly 
enhancing the changes in resistance when penetrating the extradural space. In humans, 
when using different techniques to identify the extradural space the auditory identification 
usually occurs fractionally earlier than the tactile one19,7. It may be that the sense of hearing 
is more suitable to detect small changes than is the sense of touch20. 
The level of training is another important factor influencing the success rates of extradural 
injections in humans and dogs11. In the authors’ experience teaching extradural anaesthesia 
is difficult, because the ‘pop’ and lack of resistance to injection of saline or air are subjec-
tive and communication with the trainees while performing an extradural injection can be 
difficult. The audible signal coupled with the display of the pressure profile can aid a super-
visor to monitor the trainee’s technique. In this way a successful or unsuccessful puncture 
is made more obvious for a trainee. Furthermore, a print-out of the puncture profile can be 
used for documentation and record keeping. 
Three horses (25%) had an unsuccessful extradural anaesthesia when the needle ad-
vancement had been stopped because a ‘pop’ was perceived. In all of these cases there 
was slight change in the pitch of the acoustic device, but not to the level it had been before 
penetrating the skin. It remains difficult to draw conclusions about pressures and ‘acoustic 
patterns’ in the horses in this study with unsuccessful extradural puncture. ‘Lack of resis-
tance’ to injection of saline or air was not tested, but may have given additional informa-
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tion about location of the needle tip in these horses, but Skarda et al. reported minimal 
resistance when injecting approximately 2 mL of air, despite incorrect needle positioning 
in 50% of their cases4. 
Depth of needle insertion in this study was around 7cm. Previously published values for 
adult horses ranged from 3 to 8.5cm depending on the angle of insertion of the needle for 
caudal extradural anaesthesia4,5. 
In conclusion, the success rate for extradural needle placement was 75% in this study. The 
acoustic device appears to confirm successful and unsuccessful extradural needle place-
ment in the horse and may improve the success rate of extradural analgesia in this species.
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abstr aCt
Twelve healthy cattle (weighing 188–835 kg) were placed in stocks and sedated with xy-
lazine. Caudal epidural puncture was performed using an acoustic device that indicated 
a decrease in resistance with a change in pitch. Lidocaïne was injected to verify correct 
needle placement by assessing needle prick stimuli applied on the left and right side of 
the tail root and the perineal region, and the loss of tail and anal sphincter tone. Pressure 
measurements were recorded during penetration of the different tissue layers and in the 
epidural space. A clear and sudden decrease in the pitch of the acoustic signal was audible 
in all 12 cattle. All cows showed clinical effects indicating successful epidural anaesthesia. 
The pressure in the epidural space after puncture was -19 ± 10 mm Hg. The device may be 
of assistance in identifying the epidural space in cattle. 
sHort CommuniCation
To avoid the risks and costs of general anaesthesia, locoregional anaesthetic techniques 
are commonly used in large ruminants1. One of the most commonly used techniques is 
epidural anaesthesia, which is suitable for procedures involving the perineum, vulva, anus 
and vagina. For example, repeated epidural injections are used in cows for the collection 
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of oocytes for embryo production and embryo transfer2. Data on the success rate of caudal 
epidural anaesthesia in cattle are sparse but the success rate was 83% in one report using 
xylazine3. Damage to the intervertebral disc, due to needle injuries, has been described in 
cows with repeated epidural injections2. 
The most commonly used methods used for identifying the epidural space in cattle have 
been the hanging drop test and lack of resistance to injection of anaesthetic solution1. Lech-
ner et al. described the use of an acoustic device in humans that allowed the anaesthetist 
to detect a pressure drop acoustically in addition to the tactile information from needle 
advancement and the loss of resistance technique4. The aim of the present study was to 
examine the applicability of such a device in cattle. 
The study procedure was discussed and approved by the institutional ethics committee 
and had governmental approval (Br68.205/0020-BrGT/2007). Twelve healthy cattle aged 
between 11 months and 8 years and weighing between 188 kg and 835 kg were included in 
the study. After placing an intravenous catheter, the cattle were placed in stocks and sedated 
with 0.05 mg/kg IV xylazine (Xylapan, Vetoquinol). Epidural injection was performed after 
aseptic preparation of the vertebral interspace between the first and the second caudal 
vertebrae. 
The injection site was locally infiltrated with 3 mL procaine hydrochloride 2% (Minocain, 
Fa. A. Albrecht). An 18G Tuohy needle (Perican, Braun) was then connected to an acoustic 
device similar to that described by Lechner et al4. Briefly, the needle was connected to a 
volumetric pump (Graseby 3400; SIMS Graseby) delivering at 100 mL/min a sterile saline 
via a non-distensible pressure line and a 3-way stopcock connected to a pressure trans-
ducer (Edwards TruWave, Edwards Lifesciences), which in turn was linked to a loudspeaker 
via an amplifier. The sound pitch varied proportionately to the pressure change.
The pressure trace was displayed in real time and the data recorded using purpose-built 
software (Buzzer) on a laptop computer. Epidural needle advancement was stopped im-
mediately when a sharp decrease in the pitch of the acoustic signal occurred. An increased 
resistance to needle advancement consistent with contact of the needle with the floor 
of the vertebral canal was recorded by the administering veterinary surgeon. Lidocaïne 
2% (Xylanest purum 2%, Gebro Pharma) 0.4 mg/kg was injected at a rate of 1 mL per 10 
s. After withdrawing the needle, correct placement was assessed clinically within 10 min 
using needle prick stimuli applied on the left and right side of the tail root and the perineal 
region, loss of tail and anal sphincter tone. Any adverse reactions during the study period 
were recorded. Descriptive statistical analysis was used for presentation of the data. 
A clear decrease in the pitch of the acoustic signal was audible in all 12 cattle. Simultane-
ously, with the change in pitch a pressure decrease of 162 ± 48 mm Hg (range 88–249 mm 
Hg) was observed. The pressure in the epidural space after puncture was -19 ± 10 mm Hg 
(range 0 to -32 mm Hg). However, it is worth pointing out that the needle was flushed con-
tinuously and it was not possible to zero the device to the level of the caudal epidural space 
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for accurate pressure recordings. Previously reported values were -16 mm Hg at the caudal 
site and -9.3 to -14.5 mm Hg for lumbar epidural pressure in standing cattle5,6. 
After the injection of Lidocaïne, all animals lost motor tone of the tail and showed a 
reduction in anal sphincter tone. No reaction to pin prick stimulation at the tail root was 
observed and, therefore, epidural injection was considered to have been successful in all 
of the cows. No contact between the needle tip and the bony floor of the epidural canal 
occurred in any of the 12 cattle. Epidural puncture using the acoustic device was successful 
in all cattle. Success rates for epidural puncture vary between species but to the authors’ 
knowledge the only data for caudal epidural anaesthesia in cattle gave a success rate of 
83%3. In that study of 29 cows (undergoing caesarean section) success was assessed by 
response to pin prick and reaction to surgical stimulation. Recently, the use of epidural 
pressure waves has been evaluated in cattle to confirm epidural needle placement, with 
disappointing results5. However the drop in pressure that occurs when entering the 
epidural space has been described as very distinct and potentially useful in detecting the 
epidural space5. 
In humans, using different techniques simultaneously to identify the epidural space, au-
ditory identification usually occurs fractionally earlier than the tactile sense4,7. Contact with 
the floor of the vertebral canal or intervertebral disc has been described for routine needle 
placement in cattle by some authors, while others mention occasional penetration of the 
intervertebral disc1,8. Evidence of trauma after epidural anaesthesia was described in 13 
heifers undergoing between 16 and 28 epidural injections to aspirate ovarian follicles. The 
damage was most evident in the intervertebral discs, which had been struck when the epi-
dural needles overshot the target2. On the other hand, in another study six animals showed 
no evidence of trauma on macroscopic inspection after repeated epidural injection9. The 
different findings may be due to dissimilar techniques used to advance the needle into the 
epidural space. 
Detecting the epidural space immediately following penetration may prevent repeated 
trauma to the intervertebral disc and we conclude that use of an acoustic device may be of 
value in achieving this objective. 
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abstr aCt
A crucial step in performing successful percutaneous dilatational tracheostomy is the cor-
rect introduction of the needle and guide wire into the trachea. We describe an alternative 
technique, in which an acoustic signal is used as guidance to confirm correct tracheal 
needle placement.
introduCtion
Currently percutaneous dilatational tracheostomy (PDT) technique is accepted as the 
method of choice in performing elective trache ostomy in mechanically ventilated patients 
in the intensive care unit (ICU)1. Although the complication rate is low, life-threatening 
events have been reported1,2,3,4. One serious adverse event may be dislocation of the 
needle and guide wire, creating a false route. 
The Acoustic Puncture Assist Device (APAD) has been used to identify the epidural 
space guided by an acoustic and visible signal. Using the “loss of resistance” technique, 
this method integrates pressure monitoring by an acoustic and visible signal and allows the 
identification of hollow cavities in the human body by means of an acoustic signal, thus 
replacing the conventional loss of resistance technique8,9,10. 
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Case rePort and metHod
A previously healthy 80-year-old woman was admitted to ICU because of respiratory insuf-
ficiency. An elective percutaneous trache ostomy was performed in order to facilitate the 
weaning process. 
During the procedure, mechanical ventilation was maintained and invasive blood 
pressure, heart rate, respiratory rate, and oxygen saturation were monitored. Anaesthesia 
consisted of continuous infusion of fentanyl and midazolam, for relaxation rocuronium 
was administered. Under aseptic conditions, with the patient in the supine position and 
the neck mildly hyperextended, the pretracheal area was infiltrated with lidocaine with 
epinephrine. The cuff of the endotracheal tube was deflated and under guidance of direct 
laryn goscopy the tube was withdrawn to facilitate the procedure. 
A 14 G needle with cannula was flushed with saline and the APAD was attached to the 
needle with a 120 cm length of polyvinyl chloride tubing (Fig 1). The infusion pump (rate 
set at 100ml/h), the sound amplifier and the instrumentation recorder of the APAD were 
activated. The system was tested by kinking the extension tube, which led to a clearly au-
dible rise in tone pitch and a clear upward deflection in the pressure register. The needle 
was inserted at a constant speed, under guidance of the acoustic signal and the palpating 
fingers of the operator, through the cutis toward the midline of the trachea at the level of 
the second or the third tracheal ring. Initially, there was a clear rise in tone pitch and after a 
sudden drop in tone the needle advancement was stopped and the pressure register was 
studied. The pressure registration has some typical characteristics (Fig 2). The first pressure 
peak is the test signal. The second starts on the introduction of the 14G needle, reaching its 
maximum whilst pass ing through the submucosa. On entering the tracheal lumen, a rapid 
decrease in pressure to zero was registered. The whole procedure took only a few seconds 
and was easy to perform. The total amount of water infused during the procedure was 2 
to 3 ml. After discon nection of the APAD from the needle, we tried to insert the cannula; 
Figure 2. 
Figure 1: Acoustic Puncture Assist Device (APAD) with an infusion pump with saline in 10 ml syringe, 
extension line (connecting polyurethane tubing), the 14 G needle with cannula. (With permission of 
T.J.M. Lecher et al).
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however this was unsuccessful at the first attempt. The tip of the 14 G needle is bevelled 
and sharp. As the needle tip enters in the tracheal lumen, immediately a change in tone and 
pressure is noticed. At the second attempt, the needle was inserted 1-2 mm deeper in the 
tra chea before withdrawing the needle and leaving the cannula inside the tracheal lumen.
After localization of the tracheal lumen, a Portex ® percutane ous dilation tracheostomy 
kit, a single-stage dilator with Blue Line Ultra® tracheotomy tube and introducer (Smiths, 
Hythe, Kent, UK ) with size 9.0 mm internal diameter was used without any complica tion. 
Afterwards, end tidal capnography assured the correct posi tion of the tube in the tracheal 
lumen. Chest radiography routinely performed after the procedure showed no abnormali-
ties related to the procedure. During the ICU stay no complications were recorded which 
could be related to the PDT.
disCussion
At present bronchoscopy and end tidal capnography are recom mended during the PDT 
insertion procedure4,5. The most impor tant reason is the bronchoscopic visualization and 
confirmation that the puncture is performed at the correct site, i.e. the midline of the ante-
rior wall of the trachea between the first and third tracheal rings. A number of studies have 
shown that bronchoscopy can result in compromised mechanical ventilation leading to 
reduced tidal volume, with hypoventilation and hypercarbia in some patients6 ,7. There is an 
added risk of damage to the bronchoscope by the introducing needle. Although capnog-
raphy detects CO2 when the tip of the needle is in the trachea, needle insertion remains 
blind if not combined with bronchoscopy. Known shortcomings of end tidal capnography 
Figure 2. 
Figure 2. Pressure register with pressure lapse on entering the tracheal lumen (3).
1. Test signal, no needle movement
2. Start of needle advancement
3. On entering tracheal lumen.
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are problems of needle obstruction due to tissue frag ments, thick tracheobronchial secre-
tions or blood4. 
n our patient we used the APAD to guide the placement of the needle in the tracheal lu-
men. The whole procedure took only a few seconds and is easy to perform. During the pro-
cedure continuous airway control is guaranteed and obstruction of the needle is unlikely 
because of the continuous flow (100 ml/hr). The use of the APAD technique enables us to 
register and document the correct position of the needle in the tracheal lumen. The audi-
tory signal is also a use ful tool in confirmation the correct needle position. Nevertheless, 
the tracheal puncture with the APAD is also a blind technique and in particular in difficult 
necks there is no guarantee that the puncture will be in the midline. 
We carefully conclude from this care report that APAD might be a useful tool in the PDT 
insertion procedure. The results of this case report encourage us to proceed further with 
a prospective study to compare the APAD with the golden standard, the bronchoscopy.
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Chapter 12
Summary and Conclusions
The APAD is now successfully applied in more than 5000 patients and proved to be helpful 
in the performance of epidural puncture and catheter insertion. Other applications include 
continous paravertebral block and trachea puncture. 
Also in veterinary medicine the APAD has been used for epidural space localization. 
The APAD offers needle introduction with both hands and gives fine control over the 
epidural needle tip. The acoustic signal together with tactile force on the needle and visu-
alization of the pressure on the needle tip, provides relevant information while the needle 
traverses through the tissues. 
In the training of residents performing epidural punctures, the acoustic signal and visu-
alization of the pressure curve on the display of the APAD gives the supervising anesthesi-
ologist additional tools to observe and comment on the performed puncture procedure. 
Documentation and evaluation of the puncture procedure is possible and may be of 
medico legal importance. 
However randomized controlled trials will be necessary in order to evaluate whether the 
APAD, besides the aforementioned advantages, offers advantages over the conventional 
puncture techniques or alternative puncture devices. Clear study endpoints have to be de-
fined; e.g. complications as vascular or spinal puncture or failed continuous epidural block. 
Other interesting questions which have to be answered is whether the APAD improves the 
learning curve when residents start to perform epidural punctures. 
Other applications as use of the APAD in pediatric caudal or epidural anesthesia need 
to be explored.
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Samenvatting en conclusies
De APAD is inmiddels succesvol toegepast bij meer dan 5000 patiënten en bleek een 
waardevol hulpmiddel bij het uitvoeren van de epidurale punctie en het correct plaatsen 
van de epidurale catheter. De APAD kan ook gebruikt worden bij het aanleggen van een 
tracheostoma en het toepassen van een continu paravertebraal blok. 
Ook in de diergeneeskunde is de APAD gebruikt voor het lokaliseren van de epidurale 
ruimte. 
De APAD maakt het mogelijk de naald met twee handen op te voeren, waardoor meer 
controle over de naaldvoering ontstaat. Het akoestisch signaal, gecombineerd met de tast-
zin en een grafische weergave van de druk op het scherm van de monitor, geeft relevante 
informatie tijdens het opvoeren van de naald door de verschillende weefsels. 
In de opleiding verschaffen het akoestisch signaal en het drukverloop op de monitor de 
supervisor extra mogelijkheden om zijn assistenten te begeleiden en te instrueren. 
Documentatie van de gehele punctie procedure is mogelijk voor evaluatie of voor me-
dicolegale doeleinden. 
Gerandomiseerde studies zullen moeten uitwijzen of de APAD, naast de genoemde 
voordelen, daadwerkelijk beter is dan de conventionele punctietechniek of andere alter-
natieve punctietechnieken. In deze studies moeten heldere doelen worden gedefinieerd, 
zoals bijvoorbeeld complicaties als intravasculaire of spinale puncties of een niet-werkend 
epiduraal blok. Of het gebruik van de APAD de leercurve zal verkorten, is een andere 
interessante vraag die beantwoord moet worden. 
Het gebruik van de APAD bij epidurale -en caudale anesthesie bij kinderen zal moeten 
worden onderzocht.
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dag mijn paranimf zijn. Ik beschouw het als een eer.
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Thom Jongenelis: jouw kennis van de ICT, maakte onverwachte vordering mogelijk bij de 
indiening voor publicatie.
Ad Maas: als hoofd medische technologie van het Jeroen Bosch Ziekenhuis heb jij de eerste 
APAD in experimentele uitgave gerealiseerd. Tevens ben jij naamgever van deze innovatie.
redaCtie
Dessa Brashear: jouw professionele suggesties en correcties hebben mijn artikelen zodanig 
verbeterd, dat acceptatie voor publicatie een logisch vervolg leek.
seCretariaat anestHesiologie JbZ
Corinne, Anita en Helmi: zonder morren hebben jullie al die jaren APAD gerelateerde 
zaken op de jullie bekende nauwkeurige en professionele wijze behandeld.
medewerkers reCovery en anestHesiemedewerkers
Alhoewel de het klinisch gebruik van de APAD in de beginjaren zeker een extra beroep 
deed op jullie ondersteuning, is de inzet van de APAD in onze dagelijkse routine door jullie 
enthousiasme vrijwel standaard.
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Patiënten
Vele mensen hebben belangeloos toestemming verleend voor klinisch onderzoek met de 
APAD. Jullie vertrouwen alsook het succes van ons handelen, heeft ons gesterkt door te gaan.
manusCriPtCommissie
Prof. Grotenhuis, Prof. Stolker, Dr. Gielen: zonder uitzondering hebben jullie een druk 
bestaan. Desondanks hebben jullie de tijd genomen mijn manuscript te lezen en te be-
oordelen.
Mathieu Gielen: vanaf het moment dat jij van het bestaan van de APAD op de hoogte was, 
heb jij je als ‘ambassadeur’ voor deze innovatie ingezet, zowel nationaal als internationaal.
Promotoren
Prof. Scheffer en Prof. Bruhn: in jullie rol als promotor hebben jullie je beiden geschaard 
achter een innovatie, die zijn werkelijke waarde nog moet bewijzen. In tijden waarin ‘evi-
dence based medicine’ de gouden standaard is, moet je daarvoor lef, visie en vertrouwen 
hebben. 
CoPromotor
Geert-Jan van Geffen: dat er in een promotie tijd gaat zitten is algemeen bekend. Dat de 
rol van de co-promotor tijdverslindend is, veel minder. Naast tijd vraagt deze om betrok-
kenheid, motivatie, enthousiasme en vakkundigheid. Jij hebt alles in de strijd gegooid, met 
deze promotie onder jouw supervisie als resultaat.
leden van de oPPositie
Prof. Smalhout, Prof.v.d. Velde, Prof. Groen, Prof. Grau, Dr. Rettig en Dr. Bosscha:
Jullie nemen allen de tijd en stellen jullie deskundigheid beschikbaar om deze thesis te 
toetsen.
Opgedragen aan mijn ouders en schoonouders.
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